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THE PIGMENTS OF APLYSIA PUNCTATA. By ©. A 
MAC MUNN, MA. MD. (Plates I, IL) © 


DurRinG a short visit to the Plymouth Marine Laboratory and sub- 
sequently at home, I have been studying some of the colouring matters 
of this species of Aplysia. I have to thank Mr Allen, Director of the 
Laboratory, for his kindness in procuring me abundance of material 


and reagents. 
I. APLYSIOPURPURIN. 


Historical. Aplysiopurpurin or as it is sometimes called aplysine, 
the beautiful purple pigment secreted by the dermal glands of various 


_ species of Aplysia, has been investigated by several observers. Perhaps 


the most elaborate and the most exact account is that of the brothers 


- De Negri’. These investigators described the chemical and spectro- 


scopic characters of this colouring matter, and showed that Ziegler’ 
was wrong in supposing that it was an anilin-colouring matter, although 
he was supported in this view by an Italian observer Sig. Catalano. 
Moseley* subsequently studied the pigment obtained from an Aplysia 
which he says is very abundant at St Vincent, Cape Verde Islands, and 
which had previously been met with by Darwin‘ 

In 1883 I described this pigment, obtained from specimens of 
Aplysia which I found on the west coast of Ireland®. I could not get 
the exact reactions or spectra as described by Moseley, which I 
ascribed to the difference of locality in which the respective Aplysia 
were found, an opinion which the late Professor Krukenberg shared‘, 
He came however to the conclusion that the pigment examined by me 
was a mixture of pigments (Farbstoffgemisch). | 

| Atti della R. Universita di Genova, ut. 1875. 

2 Ziegler. Bull. de la Soc. Ind. de Mulhouse, Juill. 1864. 
* Moseley. Quart. Journ. Micr. Soc. 1877. 

* Darwin. Journal of Researches etc, (1882 ed.), p. 6. 

5 Proc. Birm. Philos, Soc. m1. p. 892. 1883. 


* ‘*Grundaiige einer vergl. Physiol. der Farbstoffe und der Farben” from Vergl. 
Physiol. Vortriige, 1886, p. 110, 
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2 A. MAC MUNN. 


Chines in his Spectroscopie Biologique’ describes the character 
of “ aplysine” and he too thinks a mixture of pigments is present. 


| Fresh Aplysiopurpurin. Whether this pigment is a mixture or not 
it is extremely difficult to decide, but what seems to me more likely 
is that in an extremely short time it splits up into more than one 


| pigment as I shall show further on. As is well known this purple fluid 


is a means of defence—although other uses have been assigned to it 
without much reason—and is given off by the animal when irritated 
in various ways. But for purposes of examination I found the best 
method of obtaining it is to quickly wash and dry the Aplysia in fresh 
water and then place it in distilled water. A good deal of pigment is 
given off to this, and when it ceases to come away, after stirring the 
animal up occasionally, the Aplysia should be removed and the fluid 
quickly filtered. 

The beautiful purple fluid as obtained from A. punctata to which 
alone I shall confine my remarks, gives a very well marked spectrum 
which in a sufficient depth gives sp, 1,in the accompanying Pl. I. In 
a thinner layer the broad band extending from before D to near E is 
seen to be composed of two, of which that nearer red persists after that 
between D and E has disappeared. This is exactly as the De Negris 


figure and describe the spectrum of fresh aplysiopurpurin (or “ violetto 


in soluzione acquosa ”). 

_ A deep layer of aqueous solution transmits a narrow strip of red 
from about 4630 to 670, a less deep allows a shimmer of violet to be 
seen and a less deep this spectrum, sp. 1, of which the bands read 
Ist next red from 7623 to 7530; and 2nd from 27505 to 1470 ae. 
including the “penumbre.” If we go on diluting further the band 
next the red end is seen to be composed of two, as already said, then 
the band nearer the violet of these two fades away, next that nearer 


_ red, while that at F persists when the fluid has the very slightest tinge 


of colour. 

Action of Acids, After adding hydrochloric acid in not too great 
amount there is very little change perceptible in the spectrum of the 
fresh aqueous solution of the pigment, the colour is less red, t.¢. more 
inclined to violet or bluish violet, and we find perhaps the band at D 
and that at F broadened (see sp. 11 and 12, Pl. II). The spectrum of 
the acid solution gave: Ist band 4616 to 1583 and the darkest part 
of that at F from 2514 to 4479 in another experiment. Other acids 
have practically the same effect, such as sulphuric, and nitric, if added 


1 Spectroscopie de l Urine et des Pigments, p. 97, 
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PIGMENTS OF APLYSIA. 3 


in small amount. Glacial acetic acid makes the colour also a darker 
purple and if subsequently caustic potash be added the fluid becomes 
bluish, on then adding acetic acid the original colour and spectrum 
are restored. Citric acid produces the same effect as acetic acid and 


formalin also acts like an organic acid, and all seem to act in the same 


manner. 

The Action of Alkalies on the fresh Pigment. The action of alkalies 
on the fresh pigment in aqueous solution is exceedingly difficult to 
observe, or to describe, owing to the rapidity of the changes which 
ensue. The purple colour quickly changes to dull red, but with excess, 
or longer action, the fluid assumes finally a greenish tint. At the red 
stage there is a broad double shading in green but no definite band ; 
at the next stage (with KHO) there is a band in red, a shading at the 
red end of green and one at the blue end of green, the whole of the 
violet end of the spectrum being absorbed. On adding more alkali 
(KHO) a purple-grey colour is produced and then a band is seen in the 


_ red, the shading in green is indistinct and some shading occurs at the 


blue end of green. With still more alkali a dull blue colour is pro- 
duced; On even now adding an acid, the acid spectrum and the — 
original colour are produced. This spectrum produced by alkalies 
soon changes and the band in red disappears. However, these changes 
vary according to how the alkali is added, because if quickly added the 
dull blue appears at once and the spectrum is not exactly the same as 
when the alkali is gradually added; even in the latter case the band 
in red quickly disappears and precipitation begins to take place. In 
illustration I may here give the results of the gradual addition of 
caustic potash solution, in even greater detail than the above. A trace 
of this reagent causes the violet colour to disappear, then a broad 
double shading appears in the green, no band at F; a little more and 
the fluid is still red, a band in red is now appearing, the double shading 
in green is not so distinct, but a shading is seen at red end of green. 
A little more KHO causes band in red to become more distinct, while 
the fluid is claret-coloured: further addition causes the band in red to 
become still more distinct, a narrow shading at beginning of green, 
no band at F, On adding more, the fluid is a dirty purple, a band in 
red is seen and the violet end of spectrum is strongly absorbed, With 
more reagent still, the fluid becomes a greyish-purple or greyish-blue 
and still a band in red, this latter then disappears. On quickly adding 
the potash a band in red is seen from 1650 to 1610 (see sp. 2) and 
here again the band fades even more quickly. - | 
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When the fluid thus treated has assumed a greenish tinge the 
bands may read as follows :—I1st, 1.659 to 1627; 2nd, a shading from 
about 1605 to 1577, and a shading between green and blue which it 
is impossible to measure. Other alkalies produce the same effect, so it — 
is not necessary to refer to their action any further. 

Instability of the Fresh Pigment. In a few hours, at the most after 
the lapse of 24, the purple colour of an aqueous solution made with 
distilled water changes to a dull red, and the bands at D are no longer 
visible. If however an acid be now added we get the acid spectrum’, 
just as if the acid had been added to the quite fresh solution. This 
change to dull red of a fresh solution is not prevented by adding 
thymol, or absolute alcohol, &., and takes place in the dark as well as 
in the light. Afterwards the fluid becomes brown. On agitating a 
perfectly fresh aqueous solution with ether the latter takes up the 
colouring matter forming a fine purple solution, but the spectrum is 
not quite the same as that of the aqueous solution and on exposure to 
light it soon loses its colour. So also benzol takes up a little colouring 


matter from a similar solution and this benzol solution soon loses its 


colour on exposure to light. Chloroform also takes it up and behaves 
in the same manner. If acid be added to the ether or chloroform 
solution the acid spectrum is produced. In these solvents however the 
position of the bands is different from that occupied in an aqueous 
solution. This remark also applies to an alcohol solution: the pigment 
being also freely soluble in alcohol. Whatever solvent be used the 
acid can be changed into the alkaline and the alkaline into the acid 
spectrum a great number of times. | 

Isolation of Aplysiopurpurin. Hitherto attempts to isolate aplysio- 
purpurin have been confined to the evaporation of the ether or alcohol 
solutions, but the residue obtained in this way does not approach 
purity. I succeeded in getting the pigment almost if not quite pure 
by the following method :—The solution of the pigment, obtained 
from a great number of Aplysize as quickly as possible, in distilled 
water, is saturated with ammonium sulphate (neutral) and well shaken, 
when the pigment rises to the top of the liquid. This is separated by 
filtering, well washed repeatedly with a saturated solution of ammonium 
sulphate, then redissolved in distilled water’, filtered, again saturated 
with ammonium sulphate, the precipitate filtered off, washed repeatedly 


1 After longer standing the spectrum produced by adding acids is no longer the same, 
as the band or bands at D cannot be seen. : 
* Which leaves a residue soluble in ether, vide infra, 
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PIGMENTS OF APLYSIA. — 5 


with a saturated solution of ammonium sulphate as before, the filter 
paper dried at the temperature of the air, extracted with ether which 
strangely enough now removed no pigment, and then with absolute 
alcohol; this dissolves the pigment, forming a fine purple solution, . 
which on evaporation on the water-bath-leaves a dark violet residue ; 
this is seen when examined by the microscope to be composed of fine 
granules only, no crystals being perceptible. The pigment is soluble 
in alcohol, ether, chloroform, benzin, and in distilled water, and appears 
to be insoluble in carbon disulphide. 

The instability of the pigment, and the consequent changes, during 
the various stages of its isolation, which it undergoes, are illustrated 
by the spectra, Thus sp. 3 represents the spectrum of one of the 
intermediate stages, being that of an alcohol solution of the precipitate 
produced by ammonium sulphate in the aqueous solution of the fresh 
pigment. The precipitate had been first extracted with ether and 
the part insoluble in ether dissolved in absolute alcohol. If we com- 
pare this with sp, 8, the spectrum of an alcohol solution of the. pure 
pigment, a striking difference is apparent. : 

Indeed, harmless as the reagents are which I used to isolate the 
pigment, yet it changes rapidly: perhaps not so much from the action 
of reagents as from exposure to the air, 

Spectra of solutions of the Isolated Aplysiopurpurin. An ether 
solution has a dark purple colour and gives sp. 5, a narrow band at C, 
a less shaded one covering D and the dark one at F, These read? :— 
lst 1657 to 1631, 2nd shading 602 to 3rd 2508 to A 483'5. 
The Chloroform solution is a beautiful violet and closely resembles in 
its spectrum (sp. 6) that figured by the brothers De Negri for the 
similar solution of the fresh colouring matter, (Tav. 1, 8). There is 
however a marked difference in the shading of the band at F. A 
difference also exists between this and the spectrum of the ether solu- 
tion, as can be seen by comparing sp. 6 and 5, and the addition of an 
acid shows also a difference between these solutions. In a concentrated 
neutral chloroform solution a dark band beginning to be shaded at 
627 is seen, which is dark at X1617'5 up to ’589 and gradually 
shades off to 1542; another dark band extends from about 518 to 
4479. The addition of a drop of hydrochloric acid to such a chloroform 
solution makes the fluid a beautiful violet and we see in the spectro- 
scope a band before D and touching it, continued into a broader and 


1 In another experiment. 
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A. MAC MUNN. 


less shaded part extending towards E, sp. 7, also a less shaded band 
at F. In wave-lengths these read as follows :—Ist, darker parts ) 619 
to 4592, continued into shading from 2592 to 1545, 2nd at F from 
1516 to 1487. Sp. 8 represents the spectrum of an alcohol solution 
of the pure pigment, and sp: 9 shows the effect of a little hydrochloric 
acid which makes the fluid a beautiful purple-red colour, and removes 
the band in red. The new band at D is probably made up of two. 
Sp. 10 shows the action of caustic soda on an alcohol solution: this 
reagent changed the colour of the solution first to a bronze-green then 
to pale green, and if we compare this spectrum with sp. 13, we can 
see a great resemblance between them. At the pure green stage these 
bands read :—I1st 1661 to 1627, 2nd to 1580, Srd uncertain. 
The action of this reagent on the band at F is very remarkable. If to 
this last solution acid in excess be added the acid spectrum of sp. 9 is 
restored. 

Hence although the isolated pigment shows some trifling differences 
in the spectra of its solutions to those of the solutions of fresh aplysio- 
purpurin, yet the action of acids and alkalies shows that the differences 
are very slight indeed. 

Separation of a bye-product. The first precipitation of the pigment 
by ammonium sulphate was done at Plymouth, the precipitate, after 
washing well with a saturated solution of this salt, was dried at the 
temperature of the laboratory on the filter paper and brought home for 
further treatment. After the lapse of a few days the paper with the 
pigment upon it was cut up, and digested in distilled water and filtered, 
but although the solution thus obtained showed no difference from the 
fresh distilled water solution, yet there was some colouring matter left 
on the paper which could not be dissolved in the water. This portion 
of the altered pigment was however soluble in ether almost entirely, 
forming a bluish solution. For convenience we may call the pig- 
ment present in this solution aplysiocyanin (A), although it is only a 
modification of the original aplysiopurpurin as can easily be shown. 
Further, after ether extraction of the filter paper, a portion of the 
pigment remained undissolved and this went partially into alcohol | 
forming a bluish solution (B). We may now take iirstly :— 

(A) The ether solution of Aplynooyanin. The bluish solution gave 
a five-banded spectrum of which in Zeiss’s microspectroscope the bands 
read Ist 1655 to 2635, 2nd an intensely black band, 1625 to 1585, 
including shadings, darkest from > 623 to 595, 3rd a feeble band 
from A 571 to 555, 4th 1540 to A 520, and 5th 1505 tor’ 485. On 
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examining this solution next evening the spectrum had changed, a 
double band in the red now replaced the single one, and the bands 
read as follows: 1st \ 655 to » 630, 2nd, dark part, ’ 620 to 1.600, and 
shaded from 2 600 to 580, 3rd, a feeble band, 1570 to 1555. No 
other bands were distinctly visible. On evaporating down this ether 
solution a dark green residue mixed with some fatty matter was left. 
This residue was soluble in alcohol (absolute) and gave the following 
bands: Ist 661 to 1627, 2nd 1609 to 3rd 2547 to A524, 
4th, a shading only, \ 508 to X 487(?). This solution had a dirty blue- 
green colour, but when treated with hydrochloric acid it got violet or 
purple-red, and then gave a shading in red 1 655 to 4 644, and then 
two bands, one before and. one after D, with a curious red shimmer 
between them, the first extended right up to D, from 1619 to d 589, 
and the other extended to about ’ 540; another band at the blue end of 
green may have read from A 510 to » 483°5. Hence then the action of 
acid shows that the pigment is very clearly related to aplysiopurpurin, 
the change of colour to bluish or greenish being probably a molecular 
one. If more caustic soda in excess be added to this acid solution the 
colour becomes greenish and the bands read as follows:—I1st 661 to 
» 631, 2nd, a shading, A 605 to » 595 (%), 3rd A» 535 to A 516, and lastly 
another shading nearer. violet. 

(B) The alcohol solution of A ibteivonds: The part of the residue 
insoluble in ether mentioned above was soluble in alcohol forming a 
bluish colour with the following bands: Ist \ 661 to » 631, 2nd, dark 
part, 4.6175 to 4 605, shading off to \ 583, and 3rd a shading from 
502 to 1 483°5. After standing, this fluid became more of a greenish 
tint and the spectrum changed thus :—lIst band 661 to A 627, 2nd, a 
shading, \ 605 to A 592. If now this fluid be treated with hydrochloric 
acid it gets reddish-violet and the acid spectrum of aplysiopurpurin 
_ returns, or one closely resembling it, and caustic alkalies act as 
in the case of the pigment of the last ether solution. So that as I 
have already said this pigment is merely a changed aply- 
siopurpurin, and the change of aplysiopurpurin into this 
bye-product is not due to the presence of several pigments 
in the original aqueous solution of aplysiopurpurin, but to 
the decomposition of the original pigment, which is extra- 
ordinarily unstable and prone to change. 

Further remarks on Aplysiopurpurin. On comparing my results 
with those of the De Negris referred to above, I find that the pigment 
examined by me differs in some trifling respects. from that described 
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by them, but these observers found that this pigment differed in 
different cases, t.¢. according to the species of Aplysia examined. 
However, the general chemical characters and — agree fairly well 
in the case of the respective pigments. 

Now that we have learned a method of isolating the pigment it is 
to be hoped that it soon may be = in sufficient amount for 
elementary analysis. 


Il. THe INTEGUMENTAL PIGMENTS OF APLYSIA PUNCTATA. 


There is very little doubt that among many invertebrate animals 
the integument is an organ of excretion’ for various pigments, etc., 
besides of course fulfilling other functions, such as the secretion of 
a protective slime and so on. Aplysia is no exception to this rule, 
The epidermis looks brown to the naked eye, with whitish spots, but 
examined microscopically it is in parts violet, and when examined . 
with the microspectroscope it gives a band or shading at the blue end 
of green. 

When extracted with absolute alcohol the colour of the solution is 
yellow, and when extracted with alcohol and sulphuric acid or with. 
hydrochloric acid a dark purple solution is obtained, the pigment being 
evidently derived from the violet-coloured epithelial cells. The alcohol 
solution, of a yellow colour, showed two rather indistinct bands, the first 
from 492 to 474°5, and the second from about 461°5 to 445 (?). 
On evaporating this solution on the water-bath a yellow residue with 
a greenish tint was left and on dissolving this in ether a spectrum 
was obtained (Pl. IL, sp. 15) which is undoubtedly that of a modified 
chlorophyll. There was much too little pigment to determine its other 
properties, but it rapidly lost its colour on exposure to light and air and © 
gave with nitric and sulphuric acids imperfect lipochrome reactions. 
The gastric gland contains abundance of enterochlorophyll and a lipo- 
chrome, and in all probability the lipochrome and the chlorophylloid 
pigment in the skin are derived from that source. 

A dilute hydrochloric acid extract of the integument had a violet 
tint also and gave the spectrum shown in Pl. IL, sp.14. The three 
bands nearer the red end have a very close resemblance to those of acid 
hematoporphyrin, but in other specimens I failed to obtain any of this 
pigment, and extracts of the integument obtained by means of alcohol 


1 And in Vertebrates also, ¢.g. Fishes, Reptiles and Amphibians, in which the excretion 
_ of guanin is an example. 
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acidulated with sulphuric acid failed to show the spectrum of acid 
hematoporphyrin. - Still this hematoporphyrin-like pigment is occa- 
sionally present in the skin of Aplysia’. 
But the principal pigment in the skin of Aplysia is that which is 
soluble in mineral acids forming a violet solution. Thus, if we put 
portions of the integument into alcohol acidulated with sulphuric acid, 
in a very short time the fluid begins to get purplish and in a couple 
of days is a deep dark violet. In a deep layer this solution gives a 
band from about \ 480 to 1.505 or perhaps A 483 to 2508. If now 
such a solution be diluted with water and shaken in a separating funnel 
with chloroform, the latter takes up the colouring matter forming a dull 
purple solution showing a band from » 506 to 4485 after filtering. 
When this solution is evaporated at a gentle heat it leaves an almost 
black residue which still has a greasy, shiny, look. In thin layers 
of this residue by daylight a blue-lilac tint is perceptible. 
This residue is soluble in absolute alcohol, but not in ether, nor in 
chloroform. When caustic potash is added to the alcohol solution, the 
red violet colour disappears and is replaced by a dull kind of brown 
and precipitation follows. Hydrochloric acid lightens the colour. The 
residue is also insoluble in water and dissolves in strong nitric acid 
forming a purplish solution. 
If now the integument, after being extracted with alcohol acidulated ~ 
with sulphuric acid as just described, be extracted with hydrochloric 
acid, we can obtain traces of the pigment giving sp. 14, Pl. IL, but why 
this pigment extracted by hydrochloric acid does not go into the 
acidulated alcohol is a mystery which I cannot solve. 
It is worthy of notice, as I hope to show elsewhere, thet the 
contents of the “ferment” cells in the gastric gland of Aplysia punctata 
are sometimes of a purple colour, and it is also worthy of notice that the 
amoebocytes of this animal sometimes contain coloured granules which 
appear to be identical with the coloured — found in the integu- 
mental epithelial cells, 


SUMMARY. 


(1) Aplysiopurpurin is an extremely unstable pigment which 
rapidly changes into other pigments, even on being kept in distilled 
water, or in alcohol, protected from the action of light and air. 

(2) The aplysiopurpurin from different species of Aplysia appears 


1 The “ gizzard” contains hemoglobin. 
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to differ according to the species, as taught by the: action of acids and 
alkalies. 

(3) There is no reason for supposing that and yeloparputin is a 
mixture of pigments. 

(4) This pigment can be isolated in a pure condition, or at least 
an approximately pure condition, by means of precipitation with 
ammonium sulphate and the further treatment here described. 

(5) The integument of Aplysia contains pigments which appear to 
be of an excretory nature, besides a special violet pigment. 

With regard to this last point: I may mention that the integument 
of this species contains whitish deposits. I have tried to determine 
their nature, but although I did certainly get evidence of the presence 
of guanin, yet this is evidently present in too small amount to account 


for the whole of these deposits. 


Piate lI. 


Sp. 1. Fresh aqueous solution of Aplysiopurpurin. (See Sp. 11, Plate IT.) 

Sp. 2. Action of caustic potash on this solution. 

Sp. 3. The precipitate obtained by means of ammonium sulphate, after — 
extraction with distilled water, left a residue which after extraction with 
ether left a small amount of further residue, which was soluble in alcohol, 
giving this spectrum. 

Sp. 4. Action of hydrochloric acid on this solution. 

Sp. 5. Ether solution of pure isolated Aplysiopurpurin. 

Sp. 6. Chloroform solution of the same. 

Sp. 7. The same acidulated with hydrochloric acid. 

Sp. 8. Alcohol (absolute) solution of the pure pigment. 

Sp. 9. The same solution acidulated with hydrochloric acid. 

Sp. 10. An alcohol solution of pure Aplysiopurpurin with caustic sale 


Prats II. 


Sp. 11. Aplysiopurpurin (fresh) weaker solution than that from which 
Sp. 1, Plate I, was mapped, in distilled water. 

Sp. 12. The same with a little hydrochloric acid. 

Sp. 13. An aqueous solution of fresh Aplysiopurpurin with caustic soda. 

Sp. 14. Dilute hydrochloric acid extract of the integument of Aplysia. 

Sp. 15. Traces of a chlorophylloid ngmens obtained from the integument | 
of same in ether solution. 
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FURTHER OBSERVATIONS ON THE ELIMINATION 
OF WATER AND CARBON DIOXIDE BY THE SKIN. 
By WAKELIN BARRATT, MD. 


(From the Pathological Chemistry Department, University College, 
London *.) 


IN previous communications! the discharge of water and carbon dioxide 
from the surface of the body has been studied under normal conditions 
and in certain pathological states, namely in obstruction of the circula- 
tion, and in inflammation of the skin. In the present research, which 
is a continuation of the series of observations already published, the 
influence of varnishing upon the aqueous discharge from the skin is 
determined and the mode in which water and carbon dioxide escape 
from the free surface is still further elucidated. The method of estima- 
tion of water and carbon dioxide adopted is that described in the former 
work. For convenience of description the discharge of water and of 
carbon dioxide will be considered separately. 


The elimination of water from the skin. 


The influence of varnishing upon the output of water from the skin 
was determined in the following way. The skin of the left upper limb 
was varnished with flexible collodion and a series of estimations of the 
output of water during a period of one hour was made. Each of these 
estimations was followed immediately by a similar estimation of the 
output from the same area of the right upper limb, the skin of 
which remained free from varnish. Further the normal ratio of the 
output from the two limbs was determined by a second series of similar 
pairs of estimations in which the varnishing of the left limb was omitted. 
The former series of experiments is given in Table I, and the latter in 
Table II. In Table I the mean of five experiments gives 387 grms. 


* Towards the expenses of this research a grant was made by the British Medical 
Association on the recommendation of the Scientific Grants Committee of the Association. 
1 This Journal, xxi. p. 192, 1897; xxu1. p. 206, 1897. 
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I, 


Showing the amounts of H,O given off per hour from the surface of the 
right and left upper limbs respectively (up to a level four inches above the 
inner condyle of the humerus) in two estimations made in immediate suc- 
cession. Temperature of the water-bath surrounding the limb 35°C. The 
quantities are given in grammes, 


O given off by right O given off by left 
No. of exp. Skin varnished 

1 3-97 2:58 
2 3°51 2°62 
3 2°64 
3:88 2°56 
5 4°12 2-56 

Mean 3°87 259 R_ 1000 

| L 666 


as the average output of water from the right limb which remained 
normal, and 2°59 grms. as the average output of water from the left 
limb which was varnished. Now according to the ratio of output for 
the two limbs when the skin is normal in both, given in Table II, 


II. 


Showing the amount of H,O given off per hour from the surface of the 
right and left upper limbs respectively (up to a level four inches above the 
inner condyle of the humerus) in two estimations made in immediate suc- 
cession. Temperature of the water-bath surrounding the limb 35°C. The 
quantities are given in grammes. 


No, of exp. Skin 
1 3°78 3°73 
2 5:06 3°78 
3 6°64 4°30 
4 4°93 4°22 
5 3°70 3°50 
6 3°51 3°92 


Mean 4°60 390 R_ 1000 

| L 849 
namely R:L=100: 84'9, the average output of water from the left limb 
in the series of experiments given in Table I would, if this limb had 
not been varnished, have been 3°28 grms, per hour, so that the effect 
of varnishing in these experiments has been to reduce the output of 
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EXCRETION FROM SKIN. 13. 


water of the left upper limb from 3°28 grms. to 2°59 grms. per hour, or 


in other words the output has been reduced to ee = 781°, of 


3°28 
its normal amount. 

_ The varnish used measured 40 c.c., and had when dry a volume of 
only 5ec. The area of the left upper limb used for experiment was 
estimated to be about 1220 sq. cm.’ The thickness of this coat of 
varnish applied evenly to the surface of the left upper limb, would 

500 
1220 x 100 
withstanding its thinness, completely alters the aspect of the skin 
making it smooth and shiny. During movement the varnish readily 
cracked over the furrows of the skin and about the flexures, but if the 
limb was kept as nearly as possible motionless during the experiment, 
the amount of cracking was insignificant. The varnish completely 
blocked the orifices of the sweat-ducts; no droplets of visible perspira- 
tion could be seen, nor was the surface at any time moist so long as the 
varnish remained adherent, no matter how long this adhesion persisted. 
Nevertheless the effect of varnishing is only to cause a diminution of 
the amount of water eliminated from the skin; it does not cause a 
total arrest of the aqueous discharge from the surface. 

The same circumstance is observed when the skin is the seat of a 
dry dermatitis. In a former communication (op. cit. p, 209) it was 
stated that the effect of inflammation of the skin, brought about by the 
application of carbolic acid, which causes the horny epidermis to become 
remarkably hard and parchment-like, especially over the palms an to a 
less extent over the backs of the hands, was to cause a diminution of 
the output of water in the experiments made to 56°3°/, of the normal 
amount. But here again as in the former case, in spite of the harsh 
dry condition of the skin a total arrest of the elimination of water does 
not occur, the aqueous discharge being merely lowered. 

This incompleteness of the arrest of the discharge of water from the 
surface of the body has an important bearing upon the mode in which 
that discharge takes place. In varnishing and also in inflammation the 
sweat-ducts are blocked, but the manner in which this occurs is different 
in the two cases. In the former case the orifices of the ducts are sealed 
by the varnish; in the latter case a fibrinous exudation obstructs the 
sweat-ducts in the upper part of the rete Malpighii. In each case the © 


1 This is about »,th of the whole bodily surface which is estimated in an average adult 
at 1°6 sq. m. 


when dry amount to =004mm.=4y. This coating, not- 
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block must be regarded as fairly complete, for extremely few sweat 
droplets are visible even if pilocarpin is injected locally’. Since the 
elimination of water by the skin is not abolished by this blocking of 
the sweat-ducts but is merely lessened by an amount averaging 44°/, of 
the normal output when the skin is inflamed, and 22°/, when the skin is 
varnished, it follows that a part of the watery discharge from the 
surface comes from that portion of the skin which lies between the 
sweat-ducts. 

In order to exhibit the passage of water through a layer of keratin 
apart from the body, the following experiment was devised. A plate of 
horn, having a thickness of ‘58mm. and exposing a surface of 19°6 sq. 
em., was attached by means of sealing wax to the flange of a glass bell 
which was immersed in water. A short piece of glass tubing, sealed 
into the upper end of the bell, led to a stoppered absorption tube con- 
taining pentoxide of phosphorus. At the end of eight weeks the latter 
became for the most part liquefied by the absorption of water which 
had passed through the diaphragm and the increase in weight was 
found to be 1°3123 grm. 

This experiment as it stands does not admit of ready comparison 
with the same process of passage of water through keratin occurring in 
the skin, and indeed it is not possible to make any entirely satisfactory 
comparison between the two owing to the impossibility of ascertaining 
the necessary data in the case of the skin of the upper limb with 
sufficient accuracy. When, however, we calculate, from the experiment 
with the horn diaphragm just described, the rate of diffusion of water 
through a horn plate exposing a surface of 1220 sq. cm.* and having a 
thickness of 254°, we shall put this experiment in a form in which it 
may be roughly contrasted with the process taking place in the skin. 
The amount of water per hour which would be discharged into the air 
1220 x 13123 x 058 _ 
19°6 x 56 x 24x 0025. 

It may be mentioned that the diaphragm used in the above experi- 
ment was found to absorb as much as 7°/, of its weight of water, which 


under these circumstances is 


1 Cp. Brit. Med. Journ, 1899, p. 79, in which illustrations of this point are given. 
When the skin was varnished the layer of collodion which was about 4, thick offered 
of course some resistance to the diffusion of water, but this may be assumed to be 
small in comparison with that of the horny epidermis which is not less than 15, thick. 

2 The area of the left upper limb used in the experiments in inflammation and 
varnishing was estimated to be about 1220 sq. cm. 

* In two pieces of skin excised from the back of the forearm used in these experiments 
the thickness of the stratum corneum was found to be 15 to 20. 3 
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is rapidly given up again when the horn is exposed to air. Horn which 
has absorbed water becomes somewhat milky in aspect and more opaque, 
while its stiffness is lessened and its: flexibility is correspondingly 
increased. Exactly similar changes are exhibited by nail-plates, hairs, 
shavings from corns and by shed flakes of horny epidermis’. « 

Horny epidermis cannot be obtained in large plates, free from per- 
forations, and thus is unsuitable for experiment. Its resemblance to 
horn however, both in physical properties and in its mode of origin 
from the rete Malpighii, is so close that its behaviour in respect of the 
diffusion of water also must approximate very closely to that of horn, 
and we cannot assume that any very great disparity exists between the 
action of these two varieties of keratin. 

The experiments made upon living skin must now be again referred 
to. It has already been stated that when the limb was varnished the 
water escaping from its surface was found to be reduced to 78'1°/, of 
- the normal amount, in the experiments quoted in Table 1; and when 
the skin was inflamed by the application of carbolic acid, in the experi- 
ments referred to above, the output of water fell to 56°3°/, of the 
normal amount. The difference between these figures is easily under- 
stood when it is reflected that the former number represents the 
quantity of water diffusing into the external air from the rete, as well 
as an additional amount which is imbibed by the horny epidermis from 
the fluid contained in the sweat-ducts perforating this layer and then 
subsequently discharged again by evaporation from the free surface ; 
the latter number, on the other hand, represents the quantity diffusing 
from the rete alone’. The double origin of the water diffusing through © 
the stratum corneum appears to explain why it is that this layer does 
not become parchment-like when the skin is varnished. Again it 
follows that simple passage of water from the rete is insufficient to 
maintain the flexibility of the stratum corneum when the sweat-ducts 
are obstructed in the upper part of the rete. In the experiments 
quoted it will be noted that the amount of water diffusing through the 

horny epidermis from the rete is about one half of the total amount of 
water eliminated ; that diffusing through the horny epidermis from the 

1 Other substances possess similar properties. Sealing-wax and india-rubber become 
. whitened and softened when left for a long time in contact with water. 

? The former is perhaps a little too high because a certain amount of sweat may diffuse 

through the layer of collodion covering the orifices of the sweat-ducts ; the latter is also 
slightly above the actual amount, for the tips of the fingers were less thoroughly exposed 


to the action of carbolic acid than the rest of the surface in order that the utility of the 
hand might not be completely abolished during the period of experiment. 
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sweat-ducts is about one quarter; and that escaping at the orifices of 
the sweat-ducts also about one quarter. 


The elimination of carbon diomide by the skin. 


The discharge of carbon dioxide from the skin is simpler than that 
of water inasmuch as it is essentially of single origin. Part of the carbon 
dioxide eliminated is perhaps dissolved in the fluid escaping from the 
sweat-ducts, but the circumstance that there is so little alteration in 
the discharge of CO, in inflammation appears to indicate that the 
amount thus escaping forms but a very small fraction of the whole 
output. Nor can any of the carbon dioxide eliminated have its origin 
at the pilo-sebaceous orifices, for the sebaceous glands furnish a secre- 
tion which is extremely small compared. with that passing through the 
sweat-ducts. The carbon dioxide discharged from the skin must there- 
fore pass, not through the orifices of the appendages of the skin, but 


| directly through the horny epidermis’. 


The passage of carbon dioxide through a layer of keratin is readily 
exhibited. A thin plate of horn was sealed in between the flanges of 
two vessels containing respectively air (originally free from CO,) and 
carbon dioxide. After some time the air in the former was found to 
contain CO, which had diffused in from the latter through the plate of 
horn. 


_ Three experiments which were made in this way are shown in 
Table III. These experiments demonstrate the diffusion of CO, 
through the horn, but like the similar experiment already described 
to exhibit the passage of water through horn they do not appear in 
a form which admits of approximate comparison with the same process 
occurring in the living skin of the left upper limb. The experiments 
are therefore exhibited in the Table in the form adopted when water 


1 Reference may here be made to some experiments performed with varnished skin, 
one of the objects in view being an attempt to estimate the resistance offered by a thin 
layer of collodion to the discharge of carbon dioxide by the skin, These experiments led 
to no result owing to the circumstance that the varnish used gave off, even when dry, 
organic matter, part of which was absorbed by the sulphuric acid and pumice used for 
drying, which became stained yellow near the inlet tube, while another part escaped 
absorption by sulphuric acid, but was taken up by the soda-lime tubes in a varying | 
amount which, though very small, was relatively sufficiently large to vitiate the estima- 
tions of carbon dioxide. The increase in weight of the soda-lime tubes was in fact 
found to be proportional to the thickness of the coating of varnish used; control experi- 


ments in which varnished paper was put in the metal — used for receiving the limb 
gave similar results. 
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was used for diffusion through horn [p. 14]. The average amount of 
CO, given off normally from the left upper limb has been found, it may 
be remarked, in previous experiments’ to be about 19 myrms. per hour 
at 36°C. 


Tasie ITT. 


Showing the amount of CO, diffusing through a plate of horn into atmo- 
spheric air. Temperature about 15°C. — 


Amount of CO 
Thickness of Area of plate § Duration of passing through 
No. of exp. plateofhorn used for diffusi exp. horn plate 
1 mm. 168 sq.cm. 64 days 5-9 mgrms. 
2 394 ,, 166 5; 92 . 
3 ‘584 ,, 164 ,, 36 


These results give the amounts of CO, diffusing per hour through a layer 
of horn of 1220sq. cm. area and thick, as 4:1, 4:1 and 
4‘2 mgrms. in the three experiments. 


The passage of carbon dioxide through horn implies also that horn 
is capable of absorbing a certain small amount of this gas. . 


Summary. 


(1) When the skin is varnished the elimination of water is 
diminished but not abolished, the diminution amounting, in the 
experiments made, to 78°1°/, of the normal output. The behaviour of 
the skin in dry inflammation has also been shown to be similar, the 
diminution of output in this condition amounting, in the experiments 
made, to 56°3°/,. In both cases this diminution is due to a mechanical 
blocking of the sweat-ducts. 

(2) In each case the incompleteness of the arrest of the aqueous 
discharge from the skin is due to the circumstance that this has a 
double origin: part escapes by the sweat-ducts, either (a) by appearing 
at the orifices of the sweat-ducts, or (b) by diffusing from the sweat- 
ducts into the horny epidermis and being thence discharged externally ; 
the rest diffuses directly from the rete through the horny epidermis 
into the external air, this being rendered possible by the property 
which the horny epidermis possesses of taking up water in small 
_ amount. The water escaping by the sweat-ducts directly and indirectly 


1 Loe. cit, p. 204, 
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was found, in the experiments made, to be approximately equal in 
amount to that passing through the horny epidermis from the rete’. 

(3) The passage of water through a layer of keratin can be readily 
exhibited as a laboratory experiment, and the rate at which this 
physical process takes place can be expressed in a form which presents 
a certain degree of parallelism to that occurring naturally in the skin. 

(4) The elimination of carbon dioxide by the skin is simpler than 
that of water, being essentially a single process, namely that of diffusion 
through the horny epidermis in which the appendages of the skin take 
no prominent part. 

(5) The passage of carbon dioxide through a layer of Leentin is 
alsé readily exhibited as a laboratory experiment, and the rate at which 
diffusion occurs can be expressed in a form which presents, as in the | 
similar case of diffusion of water through keratin, a certain degree of 
parallelism to that occurring naturally in the skin. 

My thanks are again due to Professor Vaughan Harley for 
his kindness in allowing me to continue these experiments in his 
laboratory, as well as for the assistance I have so constantly received 


from him. 


1 The skin in these experiments was moist but free from visible perspiration. In 
profuse sweating this relation is of course considerably altered. 
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THE PATHOLOGICAL EFFECTS DUE TO INCREASE 
OF OXYGEN TENSION IN THE AIR BREATHED. 
By J. LORRAIN SMITH, MA,, MD. 


(From the Pathological Laboratory, Queen’s College, Belfast.) 


THE investigation which forms the subject of the present paper arose 
out of a series of experiments on the attenuation of microbes by oxygen 
at high pressure. Part of this series was carried out with the view 
of ascertaining the effect of the oxygen on animals which had been 
infected. It soon became apparent, however, that the oxygen at a 
tension of over 100°/, of an atmosphere produced pneumonia in the 
normal animal. It was therefore necessary to carry out a preliminary — 
research in regard to this. 7 

The literature of respiration records in connection with this question 
a considerable number of investigations, the most important of which 
were carried out by Lavoisier and others immediately after the pro- 
mulgation of the combustion theory of respiration. According to 
various authors, definite effects were obtained by breathing pure 
oxygen. The respiratory exchange was increased, the circulation 
quickened, congestion of the lungs, or even inflammation and death, 
occurred. The theory was that addition of oxygen increased the pul- 
monary combustion, and thereby produced these pathological changes. 
This result was controverted by Regnault and Reiset in their 
classical investigation. They showed that no increase in oxidation 
occurred and no pathological changes ensued on the exposure of 
animals to atmospheres rich in oxygen. : 

The question of the effect of oxygen took a new form in Paul Bert’s 
research on the effects on animals of variations of barometric pressure. 
‘He discovered the fundamental law that the effects on all living 
organisms arising from variations in barometric pressure are entirely 
the result of the tensions at which the oxygen is maintained in the 


1 Annales de Chimie, p. 496. 1849. 
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various atmospheres. By exposing an animal to four atmospheres of 
oxygen, the same effect is brought about as that caused by increasing 
the barometric pressure of the air 20 times. In relation to the present 
investigation, the chief fact brought out is that oxygen at a tension 
varying from three to five atmospheres becomes toxic, and causes death 
in a definite form. The series of chariges in the animal exposed to the 
oxygen, which Bert described, did'not lead him to support the old 
combustion theory of respiration. He compares the symptoms with 
those of tetanus, or strychnine poisoning. The changes began with 
convulsions, and unless the tension were lowered in time, death of the 
animal ensued. In the experiments with small birds, he found that 
oxygen at a tension of 34 atmospheres caused the onset of the convul- 
sions after about 5 minutes’ exposure. If the tension of oxygen were 
kept at this level, the convulsions continued to occur with decreasing 
severity, and at longer and longer intervals, till the animal died. If, 
however, the tension of oxygen were raised at the beginning distinctly 
beyond this, death ensued in the first attack. Another feature of this 
condition, of great pathological interest, was that the animal exposed 
to oxygen seemed to be thrown into a status epilepticus, and even if 
the high tension were replaced by that of ordinary air, the convulsions 
which had begun in toxic atmosphere, continued till death followed. 
The longest duration of this condition which Bert records, was in the 
case of a dog where the effect lasted for 24 hours after the dog had 
been removed from the high oxygen tension. 

Bert directs attention to a farther point in regard to the fatal effect 
of oxygen on different classes of animals. While a tension of oxygen 
equal to 300°/, of an atmosphere produces convulsions in birds, a 
similar effect is not obtained in dogs till the tension rises to 380°/,'. 
He states, however, that he does not consider his experiments as suffi- 
ciently precise in regard to this aspect of the subject. 

Bert regarded the effects as those of an agent toxic to the nervous 
system. The oxygen must cause these effects either by direct action, 
being carried in the blood to the nerve tissue, or by some indirect 
means, as, for example, by an effect on the blood itself. He carried out 
a number of transfusion experiments, in which he drew blood from an 
animal suffering from the toxic effects, and injected it into a normal 
animal. His negative results led him to conclude that the convulsions 
were due to the direct action of the oxygen on the nervous system. 
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He then endeavoured, by means of blood-gas analyses, to discover the 
quantity of oxygen which must be present in the blood before the toxic 
effect arises. While he states that his analyses do not permit of a 
conclusion as to any constant value’, the average obtained in the case 
of the dog was about 30 vol. per cent. Bert’s conclusion accordingly 
was that oxygen at a certain tension (which can be most correctly 
stated as a tension of the gas in the air breathed) becomes a direct 
nerve poison, and that it is in this way that excess of oxygen kills an 
animal. 

It would, however, seem a priori improbable that an excess of 
oxygen, which is harmful to the nerve elements, should be without 
effect on the other tissues of the body. Indeed Bert’s observations 
on the diminution of respiratory oxidation when the tension of oxygen 
in the air breathed has risen beyond 100°/, of an atmosphere, and the 
occurrence finaly of complete arrest, clearly suggest that the lungs are 
affected by the oxygen. Further, since the question involves essen- 
tially a study of the action of oxygen on the tissues, it is clear that the 
_lung is the most favourable organ for this purpose. In fact, we might 
say that Bert’s investigation breaks down in this respect because he 
has to deal with the relation of oxygen to the nerve elements, and yet 
has no means of accurately determining the tension of the gas in this 
tissue. In the case of all tissues other than the lungs, we find in the 
circulating blood, which intervenes to carry the gas to them from the 
lungs, a factor whose effect on the tension of the gas we have no means 
of estimating. 

The animals used in the present research were chiefly mice and 
small birds, although a few observations were made on rats, guinea- 
pigs, and pigeons. The advantage of using the smallest animals for 
these experiments is that the total amount of oxygen consumed is 
small, and therefore several hours must elapse before there is any 
appreciable fall in the oxygen tension of the atmosphere in a chamber 
even so small as the one now described. To obtain the effects due to 
moderately high oxygen tensions, each experiment had to be carried 
on for several days, and in such cases the smallest animals require the 
least attention. , 

The apparatus consisted of a pressure chamber to which was 
attached a mercury manometer 10 feet in height. The chamber was 
constructed out of strong brass tubing of 6 in. diameter, and 15 in. in 
length. The capacity was almost exactly 6 litres. To permit observa- 

' La Pression Barométrique, 794. 
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tion of the animal during the experiment one end of the chamber was 
made of thick glass. This was fitted very carefully, and the fittings 
were covered with a layer of modeller’s wax. The opposite end of the 
chamber could be detached, and was formed out of a disc of gun-metal 
$inch in thickness. This disc rested on a strong collar, and between 
it and the collar was placed an india-rubber washer. To close it down 
tightly, a number of bolts were used, arranged round the circumference © 
on a plan similar to that adopted in constructing the lid of an autoclave. 
The inner surface of the chamber was painted white. Two pieces of 
brass tubing were soldered into openings in the metallic disc, and by 
means of them a current of air or oxygen could be passed through the 
chamber after it was closed. The oxygen was obtained from cylinders 
supplied by the Scotch and Irish Oxygen Company. The gas was 
manufactured by the peroxide of barium method, and contained no 
impurity except nitrogen. The india-rubber tubing was that used for 
the manufacture of bicycle pumps. In the middle of the india-rubber, 
in this form of tubing, there is a strong layer of linen. This was found 
sufficient for the highest pressures. Tubing composed of ordinary 
_ india-rubber is very apt to give way at about 3 atmospheres’ pressure. 
An experiment was carried out in the following manner. There 
was placed in the chamber along with the animal a supply of food 
sufficient for two or three days, and enough sawdust and cotton-wool to 
keep the animal dry and warm. In the chamber there was also a 
gauze basket containing finely granular potash lime, to absorb the 
carbonic acid as it was excreted. After the chamber was closed, a 
current of oxygen was set going, and allowed to pass through the 
chamber until the air had been entirely replaced. About 18 litres 
were usually passed through in this way, the amount being measured 
by a meter. The outlet tube was then clamped, and the oxygen 
allowed to pass in till the pressure rose to the level determined on. 
As the oxygen became absorbed, the pressure was occasionally raised, 
and in the long experiments samples were taken at intervals for 
analysis. In those experiments where the oxygen was fatal, a post 
mortem examination of the animal was made, and the tissues examined 
microscopically. | 
The lowest tension of oxygen which has been studied i is 40 °/, of an 
atmosphere. Above this, at intervals, experiments have been carried 
out till a tension of 450°/, of an atmosphere was reached. The aim in 
this series was to find the effects which arise with tensions approaching 
by degrees that required to produce the toxic effect described by Bert. 
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Exp. I. Two mice were placed in the pressure chamber, and, without 
washing out the air, oxygen was passed in till the mercury showed a few 
inches positive pressure. Analyses of the gas in the chamber were made 
daily, and these gave an average tension of 41°6°/, of an atmosphere. The 
mice were carefully observed ; but as they showed no abnormal symptoms, at 
the end of 8 days the experiment was concluded. The temperature of the — 
chamber was on an average 19° C., but varied from 17° C. to 22°C. 


This should be regarded as a control experiment. It tested the 
method in several respects, but chiefly as to whether mice resembled 
man in their resistance to the effects of a very moderate oxygen 
tension. There is a large amount of experience on record in which 
men in caissons have carried on severe mechanical labour in this 
tension without any harmful result. Indeed, it is held by some 
engineers that so much oxygen increases the working power. This 
experience, however, does not exactly correspond to the experiments 
just recorded, since the exposure to oxygen in the caissons is inter- 
mittent, while in the experiment it is continuous, and if there were 
any effect, even of a minor description, the fact that it was continuous 
would relatively increase its severity. It was found, as will be pointed 
out later, that mice have a remarkable power of recovering from the 
effects of high tension oxygen. The same is probably true of man, so 
that in the alternation between the ordinary atmosphere and the 
atmospheres where oxygen is at an increased tension, there would 
be much less danger than in an exposure which is continuous. The 
absence of effect, however, shows that mice are, roughly speaking, not 
less resistant than man to oxygen. 

In the next experiments, the tension of oxygen was raised to 

70—80°/, of an atmosphere. 


Exp. II. Two mice were placed in the chamber, and the oxygen tension 
raised, The average of the daily analyses gave a tension of 73°6°/, of an 
atmosphere. On the 4th day of the experiment, one mouse was found dead, 
and when examined showed congestion and consolidation of the lungs. The 
other mouse survived exposure for 8 days, and continued to live for 9 days 
_ subsequently in ordinary air, when it died from some accidental cause, 


Exp. [lJ. The experiment was repeated with the slightly higher oxygen 
tension of 79°9°/, of an atmosphere. It gave the same result. One mouse 
died on the 4th day. In this case the congestion of the lungs was not so well 
marked as in the former case. The nena mouse survived a week, when the 
experiment was concluded. 
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As experiments on the effect of oxygen these observations are not 
decisive, as the tension is not yet sufficiently high; but, in the light 
of the further results to be recorded, they may be regarded as indicating 
that at this tension a point has probably been reached where the oxygen 
has an effect on the lungs, which varies according to the resistance of 
the individual animal. The result is very similar to the observations in 
caissons, where it is found that one worker suffers while others endure 
the exposure without showing any effects. 

It is convenient at this point to allude to some precautions which 
were found necessary in conducting the experiments. Special care was 
taken to avoid any fallacy from a fall in the body temperature of the 
mice. Most of the experiments were carried out in a small room which 
was maintained for the purpose at a temperature of from 17°—20° C., 
and in some the pressure chamber was kept warm by a gas flame. 
Another precaution taken was to provide for the absorption of the 
carbonic acid. The gauze basket with granular moist potash lime was 
found most effective. The amount usually present was ‘05 °/,—‘1°/,, 
and was never higher than ‘5°/,. The purity of the oxygen was also 
tested. Examination was made especially for the presence of ozone, 
or any other gas which might act as an irritant to the lungs. No 
impurity except nitrogen, however, could be detected. 

It will also be noticed that in most of the experiments two animals 
were used. The purpose of this was to have a check on accidental 
circumstances in each experiment. It was found that the mice differed 
considerably in their power of resistance to the action of oxygen, A 
young mouse for example gives way more quickly than one that is 
fully grown. 

In the experiments which follow next in the series, the tension of 
oxygen was about 130°/, of an atmosphere. The effect on the mice was 
uniformly fatal, and the immediate cause of death was inflammation 
of the lungs. Embarrassment of respiration set in some time before 
death, and the lungs were found post mortem to be extremely 
congested, with more or less complete consolidation. Other changes 
were observed ; for example, congestion of other viscera (liver, spleen, 
kidneys); but these were not of constant occurrence, nor were they so 
pronounced as the changes in the lungs. 


Exp. IV. Two mice were placed in the chamber, and the pressure was 
raised to give a tension of oxygen of 128°6°/, of an atmosphere. The mice 
were at first very active, and ran about the chamber in a very lively manner, 
as if stimulated by the oxygen. After 48 hours, they became sluggish, and 
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after 90 hours, they were found dead. The pressure was raised at frequent 
intervals to give an average oxygen tension of about 130 ‘ho of an atmo- 
sphere, 

Post mortem examination: A. The lungs were deeply congested, and 
sank in the fixing fluid (saturated solution of corrosive sublimate). Spleen 
slightly enlarged. Other organs normal. On microscopic examination, the 
tissue of the lungs showed intense congestion in the large and small blood 
vessels. The alveoli were to a great extent filled with an exudate, which was 
granular and fibrillated in appearance, but did not give the fibrin stain by 
Weigert’s method, nor with eosin. The Weigert’s stain showed one or two 
streptococci. These, however, were exceedingly few in number, and as the 
mice died overnight in a somewhat warm atmosphere, their presence was 
probably accidental. There were no leucocytes in the exudate. The pneu- 
monic condition was universal, and could therefore be compared only with the 
earliest stages of croupous pneumonia. The exudate itself was probably the - 
cause of the embarrassed respiration and the animal’s death. It is incon- 
ceivable that with inflammation so extensive, the animal could have survived 
until the process had developed farther. B. The lungs of the second mouse 
showed similar changes. There were no micro-organisms to be found in the 
sections. The liver and kidney showed congestion in this case. , 


In the post mortem records of cases in which death ensued from 
the effects-of caisson disease, the occasional congestion of the viscera, 
including the lungs, liver, and spleen, has been noted. This is a 
suggestive detail in the observations, since it tends to show that the 
effects of high oxygen tension are not limited to the nervous system 
(Bert), nor to the lungs, but may affect other tissues as well. Pavy’s 
experiments on glycosuria arising from passing oxygenated oot 
through the liver add confirmation to this hypothesis’. 


Exp. V. Two mice were placed in the chamber, and the oxygen tension 
raised to 128°9°/, of an atmosphere. Mice became sluggish after 48 hours. 
Both died in about 69 hours. Post mortem examination showed the lungs 

congested and consolidated: other organs normal in both animals. 
: Exp. VI. Two mice were placed in the chamber, and the oxygen 
tension raised to 129°7°/,. Both mice were found dead in 40 hours, and the 
post mortem appearances were similar to the previous experiments. 

Exp. VII. Two mice were placed in the chamber, and the oxygen 
tension raised to 114°/,. The mice died with consolidation of lungs after 
60 hours’ exposure. | 


1) Proceedings of the Royal Society, 1875 and 1876, 
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The result is perfectly uniform. The oxygen causes a general 
pneumonia, which slowly developes to the stage at which the lungs are 
filled with a fluid exudation. Owing to this condition the animal dies. 
The average oxygen tension is 125'3°/,,; and the average time of 
survival is 64 hours. The regularity of the occurrence of pneumonia 
from oxygen at this tension lends further probability to the theory that 
workers in caissons at 4°25°/, atmospheres air pressure, or a tension of 
88 °/, of oxygen, are exposed to dangers from the effect of the oxygen 
on the lungs. It is further evident that the tension which, without 
exception, produces fatal results in mice is very slightly beyond this. 

The next question to decide was whether raising the tension of 
oxygen distinctly above this point would give the same results at a 
markedly shorter period. Accordingly the pressure was raised so as to 
give an oxygen tension of 180 °/, of an atmosphere. 


Exp. VIII. Two mice were placed in the chamber, and the oxygen 
tension raised to 182°9°/, of an atmosphere. The mice were very lively at 
first, and ate their food greedily. In 23 hours one mouse was dead. The 
other died in 274 hours. Post mortem examination: lungs deeply congested 
and consolidated. Spleen slightly enlarged in one of the mice. The other 
organs were normal, 

Exp. 1X. A small mouse, half-grown, and a full-grown mouse were 
placed in oxygen at a tension of 176°7°/, of an atmosphere. In 10} hours, 
the small mouse had embarrassed respiration, and was dead in 21 hours. The 
other mouse was at this time taken from the chamber, but died 34 hours 
later. On post mortem examination, the changes in the lungs were found to 
be the same in character as before, but hardly so marked. 

_ Exp. X. Two mice were placed in the chamber, and the oxygen raised to 
a tension of 188°5°/, of an atmosphere. One of them died in 7 hours. The 
other was removed from the chamber and recovered. | 

_ Exe. XL A guinea-pig was subjected to an oxygen tension of 166:5°/, 
of an atmosphere. After 12} hours, its breathing was very laboured, and it 
was drowned. The lungs showed marked congestion and wdema. This ex- 
periment was performed as a control on the foregoing experiments. The 
chamber was, however, inconveniently small for a guinea-pig. The oxygen 
absorption was so great that there was a rapid fall in pressure. 

Exp. XII. A lark was placed in oxygen at a tension of 175°8°/, of an 
atmosphere, After 11 hours the breathing had become exceedingly em- 
barrassed, and the bird was taken out. It survived till next morning, but 
continued dyspneic. Its arterial oxygen tension was observed by the 
carbonic oxide method, and was 10°7°/, of an atmosphere. The arterial 
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- oxygen tension of a normal bird is 35—40 "hy ” an atinoaphere. The aed 
were markedly congested. 

Exp. XIII. Two larks were ene in oxygen at a tension of 173°3°/, of 
an atmosphere. One bird died after 16 hours, with congestion and consolida- 
tion of the lungs. The arterial oxygen tension of the wath. bird was 
12-4 °/, of an atmosphere. 

Exp, XIV. Two mice were placed in oxygen at a tension of 189°/, of an 
atmosphere. Both mice died after 27 hours’ exposure. The lungs showed 
the same lesions as in the other experiments. 


In comparing these experiments with those in which the oxygen 
tension was 130 °/, of an atmosphere, the ehief point of difference to be 
noted is that the time of exposure which mice and small birds can 
endure is not more than about 24 hours. The lesions produced by the 
oxygen are the same as those seen in the former series of experiments. 

This lesion was also studied in regard to the modifications of 
function which it induces in the lungs. In a paper which I published 
in this Journal (Vol. Xxi1.) on the arterial oxygen tension in various 
pathological conditions, I recorded a series of experiments to show 
that exposure of animals to oxygen at a tension of 170—180°/, of an 
atmosphere caused in a short time a diminution in the power of the 
lungs to actively absorb oxygen, and that with a continuance of this 
exposure the arterial oxygen tension fell till it reached the level for 
which mere diffusion of oxygen from the alveolar air might account. 
The inflammation now described is a further stage of the same process. 

In concluding this set. of experiments it seemed desirable to make 
an observation on the effect on mice of air pressure similar to the 
oxygen pressure. Two mice were exposed to air at the pressure of two 
atmospheres, for 48 hours, but showed no symptoms. The reason for 
making this observation is that Bert did not include observations on 
mice in his experiments on the er of the effects of air and 
oxygen pressure. 

The experiments which have so far been recorded show that at a 
very moderate tension of oxygen the lungs become inflamed, and that 
the time of onset of the inflammation is earlier the higher the tension. 
Further, there is apparently no marked difference between mammals 
and birds in this respect. The inflammation developes slowly, taking 
about 24 hours when the tension is 180°/, of an atmosphere, to reach 
a fatal stage. The pneumonia is therefore a much more slowly 
developing effect than the nervous symptoms described by Bert, and 
in regard to it there is not the same differentiation of the different 
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classes of animals. It should be noted, however, that, in contrasting 
the effect on the lungs with that on the nervous system, we have to 
bear in mind the fact that in mice and birds the alveolar oxygen 
tension is probably about the same, and therefore the lung cells in 
mouse and bird are exposed to the same tension of oxygen in any given 
atmosphere. Since, however, the absorbing power of the lungs differs 
in mice and birds, there is no reason to suppose that in a given 
- atmosphere the nerve tissue of the two animals is exposed to the same 
oxygen tension. In fact, experiments are given later which indicate 
that these tensions normally differ very considerably. To further clear 
up this question a series of experiments were carried out to investigate 
the relation of the pneumonic to the nervous effect, and with this 
purpose higher oxygen tensions were now employed. 


. Exp. XV. Two mice were placed in the chamber, and the oxygen tension 
raised half an atmosphere beyond that of the former experiments, viz. to 
230°/,. In 9% hours both mice suffered from very marked dyspnea, when 
the experiment was concluded. The mice recovered. This experiment 
illustrated the striking fact, observed throughout, of the remarkable power of 
recovery from this condition. 

Exe. XVI. Two mice were subjected to oxygen at a tension of 285 °/, of 
an atmosphere. They were at first very lively. In 3} hours both were 
dyspneic. After 8} hours, one died with congested shin The other 
recovered, 

Exe. XVII. A rat was subjected to oxygen at a tension of 268°/, of an 
atmosphere. The large absorption of oxygen by the rat introduced a certain 
amount of fallacy into this experiment. In 5 hours the respiration was very 
much embarrassed, and the animal died overnight. 

Exp. XVIII. Two mice were subjected to oxygen at a tension of 300 le 
of an atmosphere for 1 hour 8 minutes. They showed during this time 
nothing abnormal. The tension was then raised to 354-9°/,. After breathing 
this atmosphere for 1} hours, they showed dyspnea: 7.¢. 2 hours 35 minutes 
after the experiment began. After 10} hours, they were taken out of the 
chamber, and they both died immediately thereafter. The lungs of both 
showed the characteristic pneumonia. | 

Exp. XIX. Two mice were exposed to oxygen at a tension of 357 °/, of 
an atmosphere. They were both dead after 5 hours, with the characteristic 
consolidation and congestion of the lungs. 


There was no evidence of convulsive effects although the tensions 
were now as high as some of those used by Bert; but as I have 
already pointed out, it was with birds that the “toxic effect” was 
obtained at this tension. 
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Bert’s experiment was therefore repeated in the following manner: 


Exp. XX. Two larks were placed in the chamber, and the oxygen raised 
to a tension of 301-4°/, of an atmosphere. They at once became excited, and 
moved rapidly about the chamber. After 13 minutes’ exposure to this 
tension, they were simultaneously thrown into violent convulsions. These 
recurred at short intervals. They began to subside in about an hour. After 
2 hours 7 minutes, the chamber was opened. One of the birds remained in 
an unconscious condition, with occasional epileptiform convulsions, for about 
1 hour after, when it died. The other survived, and was very active and 
restless for a while, but became later very sluggish. When it was fed by the 
hand, however, it shook off its drowsiness for a short time, and again assumed 
its normal activity. It survived in this condition for several days. There 
was a remarkably small amount of dyspnea. The oxygen seemed to abolish 
the fatigue which would arise after a similar effect in a normal bird. There 
was scarcely any hyperpnoa even. There was nothing rr in the 
post mortem appearances. 


This experiment fully confirms Bert's observations. The symptoms 
of toxic action were of the nature of strychnine effects. The effects, 
further, persisted in one of the birds after it had been restored to 
ordinary air. It occurred to me that the difference between mice and 
birds, which had hereby been clearly established, might be due to a 
difference in their respiratory function, rather than to a difference in 
the reaction of their nervous system. Before the oxygen can reach the 
nervous tissue, it must pass through the lung cells and the blood, and — 
both these elements may have an effect in modifying the tension, 
which differs in the two cases’. 

A certain amount of evidence is already in our possession in regard 
to the differences in arterial oxygen tension which are due to the lung 
cells. In the paper just referred to, by Dr Haldane and myself, we: 
have brought forward experiments on the oxygen tension of the blood 
as it leaves the lungs, which prove that the active power of absorbing 
oxygen possessed by the lungs of small birds is much greater than that 
of mice. In ordinary air small birds have an arterial oxygen tension of 
about 35—40 °/, of an atmosphere, while mice have an oxygen tension 
of 20—25°/,. We farther showed that when the oxygen tension of the 
air breathed was increased to 80 °/, of an atmosphere, the same difference 
in absorptive power was still observed. | : 

If then the onset of convulsive effects be in any way dependent 


1 This Journal, xxu. p. 231. 
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on the power of actively absorbing oxygen at a given tension, say 
300 °/, of an atmosphere, it should be possible to abolish the effect by 
paralysing the functional activity. I have already referred to the 
experiments which have been published showing the manner in which 
this paralysis can be effected by exposing the bird to a moderately high 
tension for some hours’. ‘This experiment was accordingly carried out 
as a preliminary to observing the effect of an ore | tension of 300 °/, 
of an atmosphere. 


Exp. XXII. Two birds were exposed to a tension of 140°/, of an 
atmosphere. The tension, further, fell very considerably during the night. 
After 12 hours, the birds were taken from the chamber. They were quicter 
than normal, but showed no signs of difficulty in breathing. One of the 
birds was taken 2} hours later, and was Placed in oxygen at a tension of 
300°/, of an atmosphere. It remained in this atmosphere for 2 hours 
38 minutes without showing the faintest tendency to convulsions. It showed 
dyspnea after an exposure to the high tension of about 45 minutes. The 
experiment was concluded, and the bird was taken out. Its arterial oxygen 
tension in ordinary air was then observed, and found to be 16°/, of an 
atmosphere, or less than 50°/, of the normal. The lungs were markedly 
congested. The remaining bird was similarly examined 10 hours after it had 
been exposed to the oxygen at the moderate tension. It remained in oxygen 


* at a tension of 300°/, for 1 hour 15 minutes, and showed only dyspnea, The 


arterial oxygen tension, observed next day, was 19°/, of an atmosphere. 

Exp. XXII. A control experiment was carried out at this stage, which 
consisted in exposing to oxygen at a tension of 300°/, a normal bird and 
a bird whose lungs had been damaged previously by a moderate tension of 
oxygen. After 12 minutes the normal bird had convulsions while the other 
bird hopped about unconcernedly. 


There are accordingly two phases of the oxygen effect. The one 
consisting in the slowly developing inflammatory effect seen most 
prominently in the lung tissue. The other a rapidly developing effect 
on the nervous tissue, which we may in the meantime describe as 
functional. In these experiments, we have seen oxygen at a tension 
of 300°/, of an atmosphere giving rise to the inflammatory effect in 
mice in 5 hours. The same tension gave rise to the tetanic effect on 
the nervous system, in birds, in about 12 minutes. In what sense the 
two phases of oxygen effect resemble each other is obscure. Both 
effects persist after the animals have been restored to ordinary air, and 
this, since it is frequently inconsistent with recovery, we may regard as 


1 This Journal, xx11,. 
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indicating a profound change in the tissue cells. It is also clear that the 
~ onset of the effect on the lungs acts as a protection from the nervous 
effects. It is probably in this way that the explanation may be arrived 
at of the subsidence of the nervous effect after some time. : 

A further experiment was made to ascertain if a tension of oxygen 
distinctly lower than 300°/, could bring about convulsive effects. 


Exp, XXIII. A bird was placed in the chamber and the pressure raised 
to 255°/, of oxygen, at 11.23 a.m. 
11.44 Suspicion of convulsions. 
12.27  Restlessness, but no convulsions. 
12.30 Pressure raised to 287 °/,—dyspnea. — 
12.334 Convulsions. 


- 12.37. Experiment stopped. 


From this experiment it is clear that below a tension of about 
270°/, of an atmosphere oxygen does not cause convulsive effects on 
birds. 

It still remained to ascertain at what tension the nervous effects 
could be obtained in mice. Curiously enough, Bert, though he com- 
plains of the difficulty he experienced in obtaining oxygen in sufficient 
quantity for his experiments, did not make observations on mice. Hence 
there are on this point no data. 


Exp. XXIV. A mouse was exposed to oxygen at a tension of 414°/, of 
an atmosphere at 11.5 a.m. | 7 

11.20 Noconvulsions. Pressure raised to 450°/,. 

11.37 Mouse showed mild convulsions. 

11.43 Convulsions more distinct. 

11.55 Mouse removed from chamber. It was now sluggish in its 

movements. | 

Exp. XXV. The preceding experiment was repeated with two mice. 
They were exposed to a tension of 450°/, of an atmosphere from the beginning 
of the experiment. One mouse died from the oxygen early in the — 
The other showed convulsions after an exposure of 20 minutes. 

The convulsions in neither of these experiments were so severe as those 
which were seen in the case of the birds. | : 


These experiments again clearly exhibit the fee between mice 
and birds in respect of the nervous symptoms of oxygen poisoning, and, 
we have seen that this difference can be to a certain extent abolished 
by damaging the lungs of the birds. The question which now presents — 
itself is whether or not the bird with its arterial oxygen tension lowered 
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by damage to the lungs, would show the convulsive effects at the 
very high tension of 4°5 ——*- of oxygen, at which er occur in 
mice, 


Exp. XX VI. Two birds were exposed to oxygen at a tension of 166°/, 
of an atmosphere for 10} hours. They were then exposed to a tension of 


308°/, at 12.17 p.m. 


12.47 Birds showed no sign of convulsions. Tension raised to 373 °/, of 
an atmosphere. 
1.10 Birds still showed no signs of convulsions. Pressure raised to 
450 °/, of an atmosphere, Convulsions set in at once. 
1.30 Chamber opened. One bird was dead. The other was dyspnaic, : 
and remained so for some hours afterwards. 


The nervous effect therefore was only retarded by the paralysis 
of active absorption. The exact point at which the nervous effect 
returned would doubtless vary with the condition of the lungs. The 
following two experiments prove the same conclusion, though in a 
slightly different manner. If it be true that the onset of the lung 
effect is protective from the nervous effect, we should, in place of a 
preliminary exposure to a low tension, be able to raise the tension very 
gradually, by successive stages, until we reach the tension of 4°5 atmo- 
spheres before causing the convulsive effect. The experiments now 
recorded give the times of exposure at different stages, in order that 
this might be accomplished. 


- Exe. XXVII. A bird was exposed to oxygen at a tension of 239 ¥ of 
an atmosphere at 1.45 p.m. 
3.15 Tension raised to 252-9 °/,. 
3,35. Bird became restless. 
3.47 Tension raised to 271 °/,. 
3.52. No convulsions. 
4.15 Tension raised to 300°/,. ; 
4.38 Bird quiet. Dyspneic. Tension raised to 324°/,. 
4.49 A few small spasms, but no convulsions. 
5.3 Tension raised to 342 °/,. 
Convulsions. 
5.19 Experiment stopped. 
Exp. XXVIII. A bird was placed in oxygen at a Wain of 269-7 °/, of 
an atmosphere, at 12.40 p.m. 
12.50 Restlessness. No convulsions. 
1.10 Still restless, but no convulsions. Tension raised to 287 °/,. 
1.12 Bird quieter. Slightly dyspneic. 
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1.30 Noconvulsions. Tension raised to 303°4°/,. 

1.43 Convulsions, which subsided. 7 

1.50 No trace of convulsions. Tension raised to 309-7 */,. Small clonic — 
spasms at once, which subsided. 

2.5 No further development. Tension raised to 342°/,. Bird now 
quiet. Dyspneic. 

2.10 Dyspneea. 

2.19 Dyspnoea increasing. Tension raised to 342 oe 

2.25 Tension raised to 365°/,. Bird quiet. Co-ordination difficult. 

2.85 Tension raised to 408-9°/,. Dyspneea. 
2.40 Convulsions. Apparatus burst. 


In both these experiments the tension was carried distinctly beyond 
that which usually causes convulsions, and probably had the stages 
been taken more slowly it might have reached a still higher point. 

_ Bert attempted, by means of direct observations on the quantity of 
oxygen which could be obtained from the blood of animals exposed to 
the high tension, to determine the conditions under which the tissues 
of the nervous system became poisoned. His hypothesis was that the 
saturation of the hemoglobin of the blood was not complete till a very 
high tension had been reached, and that the tension which gave rise to 
convulsions corresponded with that at which not only was the hemo- 
globin saturated, but the gas was beginning to pass into solution in the 
liquid part of the blood. The tissues, further, are supposed to be 
anaérobic, and the fatal effect was the result of the oxygen directly 
acting on the anaérobic elements’. 

Whilst this explanation of the dissociation of oxyhsmoglobin is 
incorrect, and the theory of the tissues also unsupported, it is important 
to remember that the “toxic” effect is due to tension, and not to 
quantity, of oxygen in the blood. It is possible to diminish the 
quantity of oxygen in the blood, and yet to bring about the convulsions 
at the oxygen tension of 300°/, of an atmosphere, and the following 
experiment was carried out with this object. 


Exp. XXIX. A bird was placed in the chamber, and beside it a bottle 
with a wide mouth inverted in a capsule containing water. In the bottle 
was a volume of carbonic oxide sufficient to give about *4°/, tension at a 
pressure of three atmospheres. When the oxygen tension had been suf- 
ficiently raised to make it safe to do so, the bottle was overturned, and the 
carbonic oxide gas allowed to escape into the chamber. When the oxygen 


1 La Pression Barométrique, p. 1154, 
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tension reached 300 °/, of an atmosphere, the convulsions set in as usual. At 
the end of this experiment, the blood of the bird was examined and the 
hemoglobin was found to be 38°), saturated. 


GENERAL RESUME. 


It remains in conclusion to draw attention to the physiological and 
pathological investigations with which the one just recorded is in 
immediate connection. 

It may be regarded in the first place as supplementary to the i inves- 
tigation on the normal process of respiration of oxygen, which has been 
carried out by Dr Haldane and myself. In that investigation we 
showed that the absorption of oxygen by the lungs is an active physio- 
logical process. The experiments just described show that at a tension 
a good deal higher than that of ordinary air, oxygen has the effect on 
the lungs of an irritant, and produces inflammation. 

In the second place the experiments show that the toxic effects 
described by Bert occur at a tension which is much higher than that 
required to produce the inflammatory effect on the lungs. Further, it 
is shown that when the lungs are damaged the tension required for the 
production of this toxic effect is markedly higher than that required 
when the lungs are normal. — 

A subject on which these experiments have a direct bearing is the 
pathology of caisson disease. Since this subject requires separate 
investigation, I do not propose to discuss it fully at present. It is clear, 
however, that Bert in his experiments in regard to it, directed his 
attention chiefly to the effects of rapid decompression, to which he is 
inclined to ascribe the disease. Since workers in caissons are occasion- 
ally in 4°25 atmospheres of air pressure, they are undoubtedly within, 
at most, a very short distance of an atmosphere dangerous from the 
oxygen alone. Bert’s investigations do not take into account the 
possible oxygen effects, and if we read the records of post mortem 
examinations of cases dying from caisson disease, not only is there a 
large amount of evidence regarding the congestion of the lungs and 
other viscera, similar to that produced in the mice in these experiments, 
but there is a scarcity of fatal accidents when caissons burst and decom- 
pression is instantaneous. Further, Bert admits that the only point on 
which all observers agree is that the risk of accidents to the workers is 
proportional to the time of exposure to the high pressure’. 

1 La Pression Barométrique, p. 512, 
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It is unnecessary at present to adduce further evidence to show that 
the oxygen tension of the high pressure atmosphere is probably to be 
regarded as taking a part along with rapid decompression in the produc- 
tion of caissorm@isease. For investigation of this subject experiments 
must be conducted on lines differing from those now described. 

Apart from the special interest of caisson disease, the experiments 
have a bearing on the general pathology of inflammation, The fact to 
which I would especially draw attention is that the inflammatory 
condition of the lungs is in a sense directly continuous with the normal 
process of respiration. The transition from the physiological to the 
pathological stage is imperceptible. Oxygen which at the tension of 
the atmosphere stimulates the lung cells to active absorption, at a 
higher. tension acts as an irritant, or pathological stimulant, and 
_ produces inflammation. | 
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SOME OBSERVATIONS ON THE MODE OF CONVER- 
SION OF GLYCOGEN TO GLUCOSE IN THE LIVER. 
By NOEL PATON, M.D., F.R.C.P., Ep., Superintendent of 
the Research Laboratory of the Royal College of Physicians of 
Edinburgh. 


Ir has been shown that after treatment with alcohol the liver’, the 
blood, and various other tissues contain an amylolytic zymin, and it 
' therefore seemed of interest to determine whether the liver, where 
amylolysis. is so active during life, yields a stronger diastase than the 
blood and other organs after such treatment with alcohol. 

For this reason I have compared the amylolytic activity of the liver, 
blood, and kidney with the result that there is no evidence that the 
liver, after treatment with alcohol, yields an amount of diastase in excess 
of that yielded by the kidney or by the blood. Indeed in several 
instances the amylolytic activity of the blood and kidney was found 
to be greater than that of the liver. 

The method of experiment was to pound the liver, blood, and kidney 
with alcohol immediately after death, and to leave them for twenty- 
four hours in a large quantity of alcohol. At the end of this period the 
alcohol was filtered off and the tissue dried at the room temperature, 
then powdered in a mortar and passed through muslin to remove 
connective tissue and to reduce all to the same state of subdivision. 
Equal portions of each were weighed and placed in equal quantities of 
glycogen solution. In one portion the amount of glycogen present 
was determined at once, while the other portion was incubated for four 
hours, and the glycogen then determined. In the determination of 
glycogen Kiilz’s method was used. 

The following table gives the percentage amount of ccna con- 
verted to glucose in these experiments. 


1Tebb. This Journal, xxu. p. 430. 1897-98. 
2 Bial. Pfliiger’s Arch. Bd. 52, p. 187. 
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Percentage of glycogen changed to glucose. 
(A) (B) 

Exp. : Liver Blood Exp. Liver Kidney 
1 Dog 49 42 1 Rabbit 10 30 
2 Rabbit 21 28 2 Calf 3 5 
3 Rabbit 17 35 8. Oe 21 62 
4 Rabbit 83 42 
5 Dog 49° 100 


If the zymin which is found after treating the liver with alcohol is 
the cause of the change of glycogen to glucose in the liver during life 
and immediately post-mortem it should be possible to show: 

(1) That the rapid post-mortem amylolysis goes on only when 
such a zymin can be demonstrated, 

(2) That this amylolysis is proportionate to the activity of the 


zymin. 
(83) That factors influencing the rate of this amylolysis influence 
in the same > way the action of the zymin. 


L Does post-mortem amylolysis go on only when the presence 
of a zymin can be demonstrated ? 


The experiments previously recorded’ on the liver of the rabbit and 
sheep seem to show that the post-mortem change can go on in cases 
when a zymin can not be demonstrated. This argument must not 
however be pushed too far, for, not only is it possible that some 
substance destroying the zymin may unintentionally have been allowed 
to act, but the alcohol alone may possibly have so diminished its | 
activity as to mask its action. Bial found that this was the case with 
hemodiastase. ° 


II. Is the post-mortem amylolysis proportionate to the activity 

of the zymin? 

In this series of experiments the amylolytic action of the low just 
after somatic death was contrasted with the action of the liver after 
treating with alcohol, drying and powdering. The two portions were 
kept in water for the same time and under the same conditions in an 
incubator at a constant temperature of 39° to 40°C. The glycogen was 


1 This Journal, vol. xxu. p. 121. 1897, 
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usually extracted by a combination of Brucke’s and Kiilz’s methods; 
after extraction with boiling water the residue was further — 
van a dilute solution of caustic potash. 


Exp. I. Dog. Post-mortem liver. 
A. 38°5 grm. boiled. 
B. 36°5 grm. incubated for 6 ers 
Glycogen by Brucke’s method. 
A =1052 =2°73°/.. 
B=0°891 = 2°44°/. 
Liver after alcohol. 
A. 1 grm. boiled in water. 
A. ” 9 ” 
Glycogen by Kiilz’s method. 
B. 1 grm. incubated for 6 hours. 
A= grm. A, = ‘102 grm. 
B= grm. 
Similar experiments were performed on the cat, dog and calf. 
The percentage loss of glycogen in these experiments is given in the 


Exp. Post-mortem liver Alcohol liver 


I 10 49 
IT 53 82 
III «86 
IV 10 49 
36 


These results seem to show that the rate of amylolysis in the 
post-mortem liver is not proportionate to the rate of amylolysis under 
the influence of the liver treated with alcohol, but that it is usually 
distinctly less rapid. 


III. Do factors influencing the rate of post-mortem amylolysis also 
influence the activity of the zymin ? 


On this question evidence of two kinds is forthcoming. 

(1) Cavazzani* shows that the increased conversion of glycogen 
to glucose induced by stimulation of the cceliac plexus is not accom- 
‘panied by any increase in the diastatic activity of the blood or of the 


1 Ann. di chemica e farmacol. Sept. 1894. Abstracted in Maly’s Taloubetihi, Bd. 24, 
p. 396. 
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tissue of the liver. He further shows that when glycogen is mixed 
with blood no conversion to glucose occurs in 5 or 10 minutes, while 
stimulation of nerves for only 2 minutes causes a marked increase in 
the sugar production in the liver. 

In confirmation of these results Cavazzani' records experiments 
showing that after injection of methyl violet, which has no action on 
diastase, a very small amount of sugar is found, in the liver after death. 

From these observations he concludes that the change from glycogen 
to glucose goes on in the liver cells independently of a diastatic zymin. 

(2) Action of Chloroform. In a previous paper* I showed that the 
addition of chloroform increased the rapidity of post-mortem amylolysis, 
while it at the same time increased the disintegrative changes in the 
liver cells, I considered this a point in favour of the view that the 
post-mortem amylolysis is to be regarded as a result of katabolism. 

I have now studied the influence of chloroform on the diastatic 
action of the liver after treatment with alcohol. 


Exp. I. Dog. Of the liver treated with alcohol and dried, weighed 
quantities of 0°5 grm. were mixed with three portions of 20c.c. of a glycogen 
solution. One portion A was boiled at once. To one of the other portions 
B, chloroform was added to just — saturation of the solution and both 
were incubated. ‘ ; 

Glycogen by Kiilz’s method. 


A=:077 grm. B= 027 grm. C= grm. 


_ Four similar experiments on the dog, cat and rabbit gave concordant 
results. 


Exp. Chloroform No chloroform 
1 65 70 
2 6 3°7 
3 40 36 
4 36 
5 10 29 


Chloroform thus has not the accelerating action on the amylolysis of 
the liver after treatment with alcohol which it has upon the amylolysis 
of the liver immediately after death. In fact, in certain cases, it seems 
to retard the process. 


1 Ann, di chem. ¢ farmac. 1897. Abstracted in Maly’s Jahresbericht, Bd. 27, p. 419. 
1897. 


* Phil, Trans. vol. cuxxxv, p. 233. 1894. 
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40 PATON. 
That chloroform does not act on the liver immediately after death 


simply by more completely setting free the zymin and thus allowing 


it to act better is shown by the following observations. 

The fresh liver was divided into two parts. One was incubated in 
‘75°/, NaCl solution and the other in ‘75°/, NaCl with the addition of 
chloroform. They were then removed, rubbed up in alcohol, and 
dried after 24 hours. Weighed portions of each were put up with 
measured quantities of glycogen solution and their diastatic action 


tested in the usual way. The glycogen was estimated by Kiilz’s 
method. 


Exp. I. Rabbit. | 
A. Chloroform. Check 0°350. Incubated 0-280. 
B. No chloroform. ,, 0°339. 0-265. 

Exp, IL. Dog. 

A. Chloroform. Check 0:166. Incubated 0-052. 
B. No chloroform. . ,, 0°184. 0-059. 

Exp. III. Rabbit, | 
A. Ohloroform. Check lost. Incubated 0-451. 
B. Nochioroform. , 0°440. 


That the chloroform does not accelerate the post-mortem amylolysis 
by causing a more rapid solution of the proteid constituents of the cell 
and thus more rapidly setting free the glycogen to be acted on by the 
zymin is shown by the following observations. 


The liver was minced and two weighed portions taken. One, A, 


was digested in *75°/, NaCl with the addition of chloroform to just 
beyond saturation, and the second, B, was digested without the addition 
of chloroform. Each was then boiled with the addition of acetic acid 
and acetate of soda and the precipitate washed and weighed. The 
filtrate was tested with the xanthoproteic test and gave only a very 
faint reaction. 


Exp. I. Rabbit. 
A. 20 grm. liver in 100 c.c. of ‘75°/, NaOl. 
B. 20 grm. »  +chloroform. | 


Both were incubated foe fea hours ‘iaid then filtered and 60 c.c. of the 
filtrate were treated as described above. 


Proteid dissolved. 3 
_ B weighed = grm. 


A weighed = *120 grm. 
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Five experiments were performed in this way and it was found that 
there was only a trifling difference between the proteid dissolved in the 
liver treated with chloroform and in that not so treated. The difference 
is too small to indicate a liberation of glycogen sufficient to account for 
the very rapid transformation of the substance which occurs in the 
presence of chloroform. 


SUMMARY. 


1. The results of previous workers that a diastatic zymin may be 
prepared by acting on the blood and various tissues with alcohol are 
confirmed. But my observations do not indicate that such a zymin 
can be prepared in greater abundance from the liver than from other 
tissues. 

2. The amylolytic action of the liver after treatment with alcohol 
is not proportionate to its action in the fresh condition immediately 
after the death of the animal and is frequently more powerful. 

3. Chloroform, which accelerates the rate of amylolysis in the post- 
mortem liver, does not influence and may even retard the amylolytic 
action of the alcohol liver. 

So far the evidence we possess does not dispose of the possibility 
_ that the zymin is a product of the death and disintegration of cells. 
The strongest evidence in favour of the actual existence of a zymin is 
Rohmann’s demonstration of the disappearance of glycogen in the 
lymph stream during life. But this cannot be accepted as a positive 
proof of the pre-existence of a zymin, since the lymph before reaching 
the thoracic duct has to pass through the mass of living cells contained 
in the lymphatic glands, and it is impossible to exclude the influence of — 
these cells. 

But even if the evidence of the existence of a zymin be accepted, 
the experiments recorded show that the part it plays in hepatic 
amylolysis is uncertain. In the first place there is a want of corre- | 
spondence between the rate of amylolysis in the post-mortem liver and 
in the liver after treatment with alcohol, and in the second place 
chloroform, which so markedly accelerates the post-mortem hepatic 
amylolysis, does not influence in the same way the diastatic activity 
of the alcohol liver. | 

Such observations taken along with the experiments of Cavazzani 
strongly oppose the idea that hepatic amylolysis is due to a zymin. 
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ON THE EXCRETION OF PHOSPHORUS AND NITRO- 
GEN IN LEUKH4:MIA. By W. HALE WHITE, MD., 
F.R.C.P., anp F. GOWLAND HOPKINS, M.B. 


(From the Laboratory at Guy's Hospital.) 


In a case of leucocythemia recently studied by T. H. Milroy and 
J. Malcolm! it was found that with an increase of white corpuscles in 
the blood up to an average of 330,000 per cubic millimetre, the phos- 
phoric acid in the urine was below the normal, both in absolute amount, 
and also relatively to the nitrogen: On the other hand, associated with 
an “active” leucocytosis, of much less degree, produced by giving 
nucleic acid to a normal individual, these observers found a large 
increase in the absolute amount of phosphoric acid excreted and a rise 
in the ratio it bore to the nitrogen from 1 : 5°25 (in the control period) 


to 1:3°70. In the case of leucocythemia this ratio stood so low as 


1: 917%. 


Milroy and Malcolm suggest therefore that the pathological 
leucocytosis must have been due to a diminished breakdown of leuco- 
cytis, rather than to increased production (with proportionate destruc- 
tion), such as might be supposed to occur in the experimental case 
referred to. They argue very rightly that a study of the phosphorus 
excretion is of the greatest importance in an endeavour to elucidate 
such a point as this, as it is likely to be less affected by secondary 
influences than is the excretion of alloxuric nitrogen. 

But if the urinary phosphorus is to be taken as a measure of nuclein 
breakdown in the blood or tissues, it is clearly essential that the nature 
as well as the amount of diet should be considered, since not only does 
the ratio of P to N vary greatly in different dietaries; but, as is well 
known, the phosphates of different food-stuffs are absorbed with varying 
degrees of completeness. 

Milroy and Malcolm do not refer to the diet in the description of 


1 This Journal, xxu1. p, 282. 1898. 
* A still lower ratio is given in the error in the table, loc. cit. p. 234, — 
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their case, but V. Moraczewski' has published an account of the 
- metabolism in a case of chronic leukhwmia, in the study of which the 
diet and feces were fully analysed simultaneously with the urine. 

In this case, which showed a high grade of leucocytosis (2,900,000, © 
per cm,), there was, during a period of six-days when no drugs were 
given, a markedly low excretion of phosphorus in the urine (0°587 gram. 
P per diem, = 1:34 P,O,). The ratio P,O,: N was 1 : 8°43. : 

V. Moraczewski’s research brought to light a further fact, how- 
ever, in that it showed a very marked retention of nitrogen as well as 
of phosphorus. During the control period mentioned the diet contained 
133-17 grams. nitrogen and 8°34 grams. phosphorus, whereas the feces 
and urine together only accounted for 73°62 grams. of the former and 
4°30 grams. of the latter—showing an actual retention of 44°/, and 48 °/, 
respectively. Quite similar figures were obtained for a long period 
while the case was under ineffectual treatment*. 7 

In this case therefore the nitrogen was affected almost as much as 

the phosphorus, and the facts suggest that the diminished excretion 
of the latter in Milroy and Malcolm’s case, no less than in that of 
V. Moraczewski’s, was due to some disturbance of metabolism more 
general than a diminution of leucolysis alone. 
_ But the very low output of phosphorus in each case shows never- 
theless that in chronic leukhemia we may have a condition where with 
enormous leucocytosis there is either no corresponding leucolysis, or in 
which the products of the latter, if it occurs, do not reach the urine. 
This fact is of importance since, in the study of nuclein metabolism, it 
has been often assumed that an increase of circulating leucocytes 
necessarily goes hand in hand with increased break-down of nucleins 
and with a corresponding effect upon the excreta. 

Apart from the observations just discussed, metabolism in leukhemia 
has been studied almost exclusively with reference to the nitrogen 
excretion, and the fact that so few data are available with regard to the 
phosphorus metabolism will justify the publication of the following 
case, in which the urinary nitrogen and phosphorus, though followed 
for a comparatively short period, were estimated by accurate methods. 

Case I. J.E.S., aet. 49, was admitted under the care of one of us 
on May 6, 1898. On admission the spleen was enormously enlarged, 
extending about an inch to the right side of the umbilicus. The 
inguinal glands were slightly enlarged. Patient remained in ese 


1 Virchow’s Archiv, cut. p. 22. 1898. 
? With thyroid treatment the metabolism became almost normal. 
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_ till July 18, and gained much in strength under treatment with arsenic 


in large doses, but there was no apparent change in the condition of 
the blood, 

Eaamination of the Blood. The hemoglobin remained at about 
30 per cent. of normal, and the red blood corpuscles at about three and 


_a-half millions per cubic millimetre. The proportion of white corpuscles 


to red varied in different examinations, which were numerous, from 1 : 5 
to 1:3. There were enormous numbers of myelocytes and eosinophiles 
and these were usually present in about equal numbers, while the two 
forms together usually equalled the polymorphonuclear neutrophiles’. 
There was no increase of lymphocytes, and there were very few 
nucleated red cells. 

Analysis of Urine. No albumen was present, and it was difficult to 
demonstrate any nucleo-proteid ; no more than traces could have been 
present. Histon could not be found. 

The Total Nitrogen was determined by the Kjeldahl-Gunning 
process. For the estimation of phosphorus 50 cc. were taken re- 
peatedly to dryness with strong nitric acid; the residue was ultimately 
dissolved in dilute nitric acid, and the solution, after filtering, was 
precipitated with the customary precautions by means of ammonium 
molybdate. The phosphoric acid was finally weighed as magnesium 
pyrophosphate. The uric acid was estimated by Hopkins’s method. 
The results are embodied in the following table :— 


Date of urine P,0; N Uric acid 
May 14 1180 = 1°42 
784 ,, 0°98 
1008 ,, 10°15 1°12 1:91 1°02 
» 20 820 ,, 118 
July 2 860 ,, 0°92 
880 ,, 9°41 1-02 0°97 
580 ,, 6°21 1°22 1: 5:1 0°60 
ee 800 ,, 11°20 0-90 1; 12°4 0°84 
850 ,, 10°20 1°18 1:86 
» 950 ,, 14°45 1°88 1:79 1-03 
we 7565 ,, 11°30 1°35 1: 8°4 0°73 
1015 ,, 10°50 111 1 1°01 
Averages 10°48 1°22 097 


* The diet on the four days marked with an asterisk was accurately noted and a 
corresponding dietary was taken by two norma! individuals as a control (vide next table). 


1 We are indebted to Dr J. H. Bryant and to Dr Fawcett for the careful prepara- 
tion and examination of numerous blood films during the progress of the case. 
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The feces were not analysed in our experiments, and the actual 
proportion of excreted to absorbed nitrogen and phosphorus cannot 
therefore be given; but a control which is not without value was 
obtained by determining the excretion in normal individuals upon 
similar diet. 

The diet was full hospital diet—consisting of meat, with vegetables 
and bread and accessories. The actual amount varied somewhat from 
_ day to day, but on the last four days of the series the amount of each 
constituent was accurately determined, and a precisely similar dietary 
was taken on 4 consecutive days by two individuals, A and B. Analysis 
of the urine gave the following results :— 


with that of patient : N Urie acid 
A B A B A BD A B A B 


July 8 1010 980 15°86 15°10 301 290 1:5°26 1:521 -621 -562 
» 9 1514 1005 16°73 16°91 321 326 1:521 1:4°88 -680 -580 
» 10 970 620 1424 1456 2°70 2:89 1:528 1:504 °650 -571 
| 1325 1210 15°53 1491 300 274 1:517 1:544 ‘555 


In a case of anemia without leucocytosis, under observation in the 
same ward, in which the hemoglobin stood nearly at the same level as 
in Case I, and the diet was of precisely similar character though 
undetermined as to amount, we found the following 

Case II. W. B., male, st. 48, admitted for anzmia. The blood at 
the time the urine was examined showed: hwmoglobin 20—25 °/,, red 
corpuscles 14 millions, no increase of white corpuscles. The case was 
probably one of pernicious anemia, but there was never any increase of 
urobilin in the urine. ; 


Date Urine Total N P,0; P,0; : N 
Aug. 9 700 c.c. 11°66 2°01 1 : 5°80 
680 ,, 12-98 2-40 1 : 5°41 
750 ,, 12°01 2-16 1 5°56 
765 ,, 12:12 2°43 1: 500 
Averages. 
Total N P.O; : N Uric acid 
A (normal) 15°59 1 : 523 0°640 
B (normal) 15°12 2°95 1; 514 0°567 
mia 10°48 1-22 ' 1: 86 0°97 
Anmmia (Case II.) 12°19 2°25 1 5°44 


It will be seen that our case of leucocythzemia, no less than those 
studied by v. Moraczewski and by-Milroy and Malcolm, shows . 
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that a high degree of leucocytosis may co-exist with an excretion 
of phosphorus much below the average. 

As regards the alloxuric nitrogen, neither in v. Moraczewski’s 
case, nor in that of Milroy and Malcolm, was this raised to any 
_ important extent. Our own observations in this respect were only 
concerned with the uric acid. The excretion of this (0°97 grms. per 
diem) was somewhat high in proportion to the total nitrogen, but 
showed no degree of proportionality to the high grade of leucocytosis. 
In v. Moraczewski’s case the uric acid was only 0°471 (in the control 
period) and in Milroy and Malcolm’s 0°606. We ourselves had under 
observation in 1897 a case in which with the white corpuscles at 
127,500—162,500 per cm. the average excretion of uric acid was only 
0707 grammes, These cases do but add to a large number already 
described in which this absence of any marked rise of uric acid has 
been observed'. It is important that such cases should be considered 
as well as those (also numerous in the literature) in which a large 
increase in the alloxuric nitrogen has been found. In the endeavour 
to explain the differences found it is necessary that the phosphorus 
excretion should be studied in connection with that of the alloxuric 
substances. There are not yet sufficient data recorded to show whether 
or not the urinary phosphorus and alloxuric nitrogen always vary 
together. Magnus Levy’ found that in a case of acute leukhemia 
both excretives were enormously increased, while the total nitrogen and — 
phosphorus excreted were greatly in excess of the quantity in the diet. 
In this case however the degree of leucocytosis was but slight. 

As we have already mentioned Milroy and Malcolm suggest that 
the low phosphorus excretion in their case indicates that the actual 
cause of the leucocytosis was a diminution in the normal breakdown. 
But in our case the enormous increase of myelocytes shows that 
diminished destruction was not the only factor present. 

v. Moraczewski’s results point to general interference in chronic 
leukhzemia with the katabolic side of metabolism, and our results tend 
to confirm this, for it is difficult to conceive that any storage, in other 
tissue elements, of phosphorus derived from the breakdown of leuco- 
cytes. could so completely cloak the increased breakdown of nucleins 
which has been supposed to occur part passu with the increase of 
white corpuscles in the blood, as to lead to a marked diminution of 


1 Vide a paper by Magnus Levy, Virchow’s Archiv, oui. p. 107, in which a number 
of such cases is referred to. 
cit, 


a 
al 
q 
A 
4 4 
‘a 
ij 
a 
a 
a 
7 
2 
4. x 
> 
4 
i 


PHOSPHORUS AND NITROGEN EXCRETION. 47 


the excretion of phosphates instead of an increase. It is far more 
likely that the breakdown of the nucleins is itself lessened, and when 
new corpuscles (e.g. myelocytes) are undoubtedly present it may be 
that some of the diminished excretion of phosphorus is due to its 
retention to provide for the nuclein of the newly formed corpuscles’. 
But the chief point which we wish to emphasize is, that the ob- 
servations discussed definitely negative the existence of any necessary 
proportionality between the number of circulating leucocytes, and the 
excretion of those products (P,O, and alloxuric bodies) which result 
from the breakdown of nucleins; and show that before any conclusions 
as to the physiology of these are to be drawn from the pathological 
evidence it is necessary that much more should be learnt as to the 
conditions of general metabolism in leukhwmia. : 


1 Of. Edlefsen, quoted by Thomas in Neubauer and Vogel’s Analyse des Harns, 
Abth, 11. 8. 261. 1890. 
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AN ABSTRACT OF OBSERVATIONS ON THE EFFECT 
OF BATHS, MASSAGE, AND EXERCISE ON THE 
BLOOD-PRESSURE. By W. EDGECOMBE, M_D., F.R.CS., 
AND W. BAIN, M.D.,, M.R.C.P. 


Method. The instrument used was the Hemadynamometer of Oliver. 
The maximum and mean arterial pressures, and the venous pressure, 
were recorded; the maximum pressure, as taken by the instrument, 
being the amount of pressure in mm. Hg. required to just prevent the 
passage of blood along the artery; the mean pressure being the 
reading taken when the indicator gives its maximum excursion; and 
the venous pressure being the amount of pressure requisite to just 
prevent the passage of blood along the vein. For arterial pressure the 
radial artery was employed; for venous pressure the veins of the - 
forearm or back of the hand. The readings were taken in the same 
posture throughout each series of observations, with due precautions 
to eliminate the effects of gravity. Eleven subjects in all were experi- 
mented on, their ages ranging from 20 to 60; they included ee 
examples of both low and high arterial pressure. 


Agents employed. 


1. Baths. The following baths were used : 

(a) To ascertain the effect of temperature : cold, warm, and 
hot immersion baths of plain water; Turkish bath; Russian bath ; 
Sitz bath. | 

(b) For the effect of temperature + percussion: the needle 
bath, cold and hot; the alternating douche; the spinal douche. 

(c) For the effect of temperature + chemical constituents in the 
bath: the saline-sulphur baths of Harrogate; the artificial Nauheim . 
baths, still and aerated. 

2. Massage. (a) Dry massage, with and without massage of the 
abdomen. 

(b) Massage + temperature; wet massage in the fom of the 
Aix douche and the Vichy douche. 
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3. Hwercise. (a) Resisted movements, gentle and severe. 
(6) Dumb-bell exercises of three grades of severity, er mode- 
rate and severe. 
a The severe exercise of cycling rapidly uphill. 


CONCLUSIONS. 


1, Cold immersion baths of plain water raise the arterial pressures, 
maximum and mean, and lower the venous pressure ; after reaction the 
arterial pressure falls and the venous rises. The results may be attri- 
buted mainly to changes in peripheral resistance. 

_ 2, Pereussion added to cold increases the rise in arterial pressure. 
In addition to increased peripheral resistance there is probably an 
increase in the output of the heart. 

3. Hot immersion baths of plain water lower the arterial pressures, 
and both absolutely and relatively lower the venous pressure, to an 
extent roughly proportionate to the increase in temperature. The 
percentage fall in venous pressure is greater than the percentage fall 
in arterial pressure; and the changes are. best explained as due in the 
first place to peripheral arteriolar dilatation, and in the second place 
to increased capacity of the vascular system resulting from that dilata- 
tion. 

4. Turkish baths lower the arterial and venous pressure to a 
greater extent than the preceding, though the fall in venous pressure 
is proportionately not so great as that in arterial pressure. The pulse 
rate is greatly increased. Associated with peripheral vascular dilata- 
tion there is probably a diminished output of the heart, which would 
explain the greater fall of arterial pressure. 

5. Saline baths at warm temperatures lower the arterial pressure 
to a greater extent than plain water baths at the same temperatures ; 
the venous pressure, though absolutely lowered is relatively raised, 
t.¢. raised relatively to the fall in arterial pressure. When the amount 
of saline material in solution is considerable, and especially if the factor 
of effervescence is added as in the aerated Nauheim bath, a further 
lowering of arterial pressure takes place, while the venous pressure 
becomes absolutely raised. 

If the lowering of arterial, and raising, either relative or absolute, 
of venous pressure be ‘due mainly to diminished peripheral resistance, 
as is probably the case, the amount of arteriolar relaxation caused by 
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immersion in warm water becomes progressively greater as the amount 
of saline material in solution is increased. 

6. Dry massage lowers the arterial pressure and aad or 
absolutely raises the venous pressure, provided the abdomen be not 
massaged too vigorously: when this is done, a rise in all pressures 
occurs, The factor primarily and chiefly disturbed by massage is the 
peripheral resistance, the output of the heart being apparently un- 
affected. The first result is due to peripheral relaxation ; the second to 
dispersal of blood accumulated in the splanchnic area into the systemic 

circulation. 

| 7. Warm temperature plus massage, as in the Aix douche, lowers 
the arterial, and raises, absolutely, the venous pressure to a greater 
extent than dry massage. The effect of the Aix douche is cumulative. 
The Vichy douche causes a rise in arterial pressure, which is to be 
explained by the fact that the douching in this bath is in the form of a 
needle spray, and that during the bath the subject is in the recumbent 
posture and consequently abdominal massage is more efficiently per- 
formed. 

8. The effect of exercise on the blood-pressure depends on the 
severity of the work performed. In all forms an initial rise in arterial 
pressure occurs; if the exercise be mild and insufficient to excite in- 
creased frequency of pulse and respiration, a fall in arterial pressure 
occurs during continuance of exercise; if it be severe, with marked 
increase in frequency of pulse and respiration, the initial rise becomes 
increased and may be maintained throughout the exercise; after exer- 
cise, moderate or severe, a fall in arterial pressure takes place. The 
venous pressure is raised during all forms of exercise, and remains 
raised during the subsequent arterial fall. The return of the blood- 
pressure to normal after exercise takes place more or less rapidly 
according to its gentleness or severity, and the temperature of the 
atmosphere. 
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ON PLAIN MUSCLE. By PHIL. BOTTAZZI, M.D. (Florence), 
AND O. F. F. GRUNBAUM, D.Sc. (London). (Twenty Figs. in 
Text.) 


From the Physiological Laboratory of Cambridge. 


Methods of preparation. 
Form and duration of isotonic contraction. 
Effect of load upon the form of contraction. 
Isometric contraction. 

Effect of temperature, 

The effects of some drugs. 


AMONG marine fauna there are some number of animals which possess 
sheets of plain muscle in which the fibres are arranged parallel to one 
another: this however is but little assistance in the study of plain 
muscle of vertebrates, for we should be far from justified if we were 
to assume from the close histological resemblance of these two tissues 
that a physiological analogy existed. 

That the assumption would be incorrect is well illustrated by a 
rough comparison of the retractor muscle of Sipunculus nudus' and 
the esophageal muscle of Aplysia? with the visceral muscles of verte- 
brates: the former contract rapidly after a short latent period in 
response to almost any kind of stimulus, while the latter contract 
slowly and to only certain kinds of stimuli. We are therefore forced 
to the same conclusion as v. Uexkiill, “that when the whole animal 
kingdom is considered, no absolute distinction can be drawn between .. 
striated and unstriated muscle physiologically, and it would be better 
to classify muscles under the headings of skeletal and visceral.” 

Until recently the stomach and blacder of frogs and toads have 
been chiefly used in investigation of plain muscle in vertebrates. 
These tissues unfortunately consist of some number of layers of muscle 
running in all possible directions, so that the resulting curves do not 


1 Uexkill. Zeitschrift f. Biolog. xxx1. p.1. 1896. 
2 Bottazzi. This Journal, xx1. p. 481. 1897. 
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teach us the nature of the contraction of a single sheet of plain muscle, 
but the result of the contraction of a large number of layers: it was 
these experiments that led to the statement of Bernstein’ in 1895 to 
the effect that the curve of single contraction of plain muscle had not yet 
been satisfactorily recorded. After extensive experiments by one* of us 
to determine which muscle was the most satisfactory for the purposes 
of research, we decided to use the cesophageal muscle of toads, The 
arrangement of muscles in this tissue consists of two layers only, one 
circular and the other longitudinal ; these therefore are at right angles 
to one another, thus allowing by suitable arrangements the contraction 
of a single layer to be recorded. 


(1) Methods. 


When experimenting on the esophagus of toad the following plan 
was adopted: The toad was pithed and the cesophagus cut out, special 
care being taken that it was not forcibly stretched, this point being 
essential to the success of the experiment. The cesophagus was ripped 
open with scissors, and one end of the rectangular piece of tissue thus 
produced fixed to a light cork stirrup by three or more pins and the 
other to a cork slab by the same method. 

Some care is necessary in pinning out the tissue since the different : 
parts of the structure must be under the same conditions of tension for 
successful results to be obtained. A piece of silk attached the stirrup 
to a light aluminium lever, which was graduated and so arranged that 
by moving the position of weights a tension from 0 to 30 grams could 
be applied to the muscle. A glass cylinder lined on its concave side 
with moist blotting-paper served as a moist chamber the temperature 
of which was always recorded, since temperature has been found to be 
an important factor in determining the nature of the contraction of 
plain muscle. 

_ When the auricular tissue of Emys europxa was the tissue under 
investigation the preparation was put up in the following way: The — 
tortoise was pithed and the ventral plate removed, the pericardium 
opened and the heart raised by pulling the tip of the ventricle upwards, 
the large vessels were divided and the heart placed on a piece of moist 
blotting-paper. Silk ligatures were then fixed to the tips of the 


1 Bernstein. Lehrbuch der Physiologie, etc., p. 383. 1895. 


* Bottazzi. Contributi alla fisiologia del tessuto di cellule muscolari, Parte 1. II. and 
IIl., Firenze. 1897, 
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auricles and the ventricle carefully snipped away. To the loop on one 
ligature a two gram weight was hung and the preparation raised by the 
other; a clamp grasped the tissue midway between the two. The 
clamp was screwed up during relaxation ; we always aimed at the tissue | 
on the two sides being equal. One ligature was attached to an isotonic 
and the other to an isometric lever, and thus the two tracings | of the 
two auricles were taken simultaneously. 


(2) Form and duration of the isotonic contraction. 

The normal isotonic contraction of plain muscle bears a close 
resemblance to that of striated, there are, however, details which defi- — 
nitely distinguish the one from the other. It will facilitate matters to 
consider the normal curve represented by Fig. 1, obtained from an 
automatically contracting esophagus of a toad submitted to a tension of 
3°5 grams at a temperature of 18°C., and then to compare its com- 
ponents with the curve obtained from striated frog’s muscle. 


Fig. 1. Normal automatic contraction of plain muscle. . 
Time marker 10”. Load 3°5 grams. Temperature 18°C, 


We note a long precurtatory’ period during which the rise is very. 
small and then a sharp rise, this is followed by a period of complete 
contraction, which is short in comparison to the time taken for the 
shortening and relaxation. The relaxation begins smartly, the descent 


1 Pre, before, curtare, to shorten. Presystolic, which has the same meaning, is limited 
in use to a part of the cycle of the heart-beat. 
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at first being very steep, but as the curve approaches the base line it 
becomes more and more nearly horizontal. 

The actual times taken for the different processes vary considerably 
with the load, but in the curve under consideration the “ preecurtatory ” 
period is 7”, the period of shortening 35”, the maintenance of the 
shortening 10”, and the relaxation occupies 45”, 1.e. preecurtatory period : 
shortening : maintenance : relaxation as 7 : 35: 10: 45. 

Now let us see how this differs from the curve of the contraction 
of striated muscle. In drawing the comparison we shall only refer to 
the characteristics common to most striated muscle and which are not 
peculiar to fatigue or the like. In striated muscle the maximum rate 
of shortening generally occurs very soon after the beginning of the 
contraction and not after half the contraction has taken place, the 
period during which the shortening is maintained is relatively much 
longer than in plain muscle, while the relaxation is gradual compared 
to that of plain muscle, which we have seen begins somewhat abruptly. 

A. common ratio to obtain with frog’s gastrocnemius when loaded 
_ so that the maximum contraction is elicited is 2: 12 : 5: 13. 

In the above we refer to automatic contractions, but we found that 
these differed in no way from those resulting from stimulation. 


(3) Effect of load. 

The effect of load cannot, unfortunately, be illustrated in the case 
of plain muscle in the same way as in the striated muscle by a single 
figure, for the simple reason that the latent period is a too variable 
factor, so that it would be impossible to procure a series of curves all 
beginning in the same place. It is therefore necessary to take some 
number of curves and to examine them separately. 


Fig. 2. Time 10”, Load 0-5 grams. Temperature 18°C. 


The minimum weight which extended the tissue was found to be 
about 0°5 grams, the curve obtained under these circumstances is shown 
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in Fig. 2. The precurtatory period is usually short, yet sometimes 
drawn out, as seen in the second curve in the figure. The rise is rapid, 
followed by a plateau which replaces the more common apex; this in 
turn gives way to a fall, the rapidity of which is so great as to suggest 
an active relaxation. 3 

It might be suggested that the angle in the curve was due to an 
imperfection in the recording apparatus, which required a very con- 
siderable tension before moving, and then moved with a jerk; that 


Fig. 3. Time 10”. Load 1°5 grams. Temperature 18°C. 


Fig. 4. Time 10”. Load 2°6 grams. Temperature 18°C. 
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however seems to us improbable, since in that case we should =e 
a sharp angle and -not the slightly bevelled angle obtained. 

On increasing the’ load, Figs. 3 and 4, without altering any other 
condition, a great increase in the amplitude is obtained while the 
inclination of the rise is: slightly diminished, the top of the curve 
becomes apical and the time taken by the relaxation is considerably 
decreased. The.ratio of times taken by the rise, plateau and relaxation 
is altered, this alteration will be shown in the table when we have 
considered the individual cases which constitute those results. 


Fig. 5. Time 10”. Load 4°5 grams. Temperature 18° C. 


On raising the load to 4°5 grams, Fig. 5, the only alteration is the 
acceleration of relaxation; the amplitude of the contraction is not 
decreased by the increase of load. If the tension be still further 
increased the preecurtatory part of the curve is altered in shape and 
seems to extend further into the curve, the whole contraction is pro- 
longed, while the rate of relaxation is increased: on still more tension 
being added the above phenomena are more accentuated. 


Time taken for Time taken for 
contraction in secs. 
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1°5 40 50 
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Fig. 6. Time 10”. Load grams. Temperature 18°C. 


Fig. 7. Time 10”. Load 8°5 grams. ‘Temperature 18°C. 


Fig. 8. Time 10”. . Load 10°5 grams. Temperature 18°C, 
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It is not without interest to note the amount of work done by 
the cesophagus of a toad after removal from the body, without the 
application of an external stimulus. It is of course impossible to record 
the maximum amount obtainable, but the figures recorded give us an 
idea in what units the amount is to be reckoned. Since the contrac- 


tions are automatic it is impossible to use Fick’s “ Arbeitsammler,” 


for if it were used there would be great difficulty in extending the 
muscle after each contraction, so that the tension should be the same 
as that against which the tissue contracted and should not enter 
into the calculation of the amount of work done. In estimating the 


_ work done the weight was multiplied by the vertical movement against — 


gravity, this distance was easily ascertained by measuring the excur- 
sions of the point of the lever and the lengths of the two arms of 
that lever. 

The result of one experiment showed that the amount of work done 
was more than 117 gram-centimeters. Whence the energy for accom- 
plishing this work is drawn we are not at present prepared to say. On 


several occasions we have noted that when the glass cylinder, which 


played the part of a moist chamber, had its lower rim in contact with 
the cork upon which it rested, thus preventing a free circulation of air, 
the amplitude of the contractions of the preparation soon decreased in 
magnitude, and on raising the cylinder slightly, so that a current of air 
was established, the activity of the preparation returned: from this we 
could not help thinking that an oxidising process in which the oxygen 
of the air played an important part occurred during the activity of 
the tissue. | 


(4) Isometric contraction. 


The isometric curve representing the alterations in tension in 
plain muscle during its contraction bears a great resemblance to that 
obtained from the striated variety in that the rise is rapid and followed 


Fig. 9. Isometric curve (esophagus of toad). Time 10”. Temperature 18°C. 
Depression of curve indicates increase in tension. 
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by a plateau. The most striking difference is seen in the rate of 
‘relaxation, which in the case of plain muscle is comparatively slow, 
while in striated muscle the relaxation takes less time than the 
shortening, 


Fig. 10, Isometric curve (esophagus of toad), Time 10”, Temperature 18°C. 
Depression of curve indicates increase in tension. 


_ Fig. 11.” Isometric curve (esophagus of toad). Time 10”. Temperature 18° C. | 
Depression of curve indicates increase in tension. 


In the isometric curves the precurtatory period is not visible, the 
curve rising sharply from the zero line. The average time for the 
muscle to reach its maximum tension is 20 seconds when under 
isometric conditions, while the maximum shortening does not occur 
until 45 seconds after the beginning of the contraction when the 
muscle is treated isotonically. - 

The isometric lever used multiplied the movement of the scale 
about two hundred times; absolute isometrism can be obtained by the 
method suggested by one of us’, our reason for our not adopting that 
method here was that then our results would not have been comparable 
with those of previous observers’. 

We see from the curves that the statement that “with constant 
length the muscle reaches the maximum of tension much sooner than 
with constant tension it reaches the maximum of shortening®,” although 
only applied to striated muscle, holds also for unstriated muscle. 


1 Griinbaum. This Journal, xxu. p. xlix. 1898. 
? Schultz. Archiv f. Physiol. p.1. 1897. 
8 Biedermann. Electro-physiology, 1894. 
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Isometric curve of cardiac muscle. 


The tonus oscillations of auricular muscle of Emys europea have 
been recorded on several occasions, but always isotonically; when 
taking tracings of auricular movements it has been our custom to 
record the contraction of the two auricles simultaneously, one auricle 

being connected to an isotonic lever and the other to an isometric one. 


Fig. 12, Tonus oscillations of the auricles of Emys europea. The upper curve is 
isometric and the lower isotonic. Time 0°5”. Temperature 18°C. 


Fig. 12 illustrates the difference between isotonic and isometric 
curves: the upper one is taken with an isometric and the lower by the 
ordinary isotonic lever. In the above case we were fortunate enough 
to obtain an auricle which without the application of any drug or 
observable abnormal influence, soon lost its habit of producing its 
primary contractions and thus allowed us to study the tonus oscillations 
uncontaminated. 

Contraction or increase in tension is represented in the figure by an 
approach of the curve to the time line, that is, by a descent of the 
upper curve and an ascent of the lower one. On comparing the two 
curves we note that the upper possesses a sharp down stroke followed 
by a fairly long plateau and then a comparatively slow relaxation. The 
lower, the isotonic curve does not show so sharp a rise nor is the 


plateau so obvious. The tonus oscillations do not present quite the 


same appearance when the primary contractions are occurring as in 
their absence: in the former case the two sides of the curve bear a 
much greater similarity to one another than in the latter, when the 
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shortening is considerably more rapid than the relaxation and thereby 
bears a close resemblance to the curve of an ordinary muscular 
contraction. 
(5) Effect of temperature. 
The effect of temperature on the irritability of voluntary muscle 


the tracing. 


The temperatures are seen on 


Fig. 13. Automatically contracting esophageal muscle. 
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has been recorded by Gotch and Macdonald, who arrive at the 
conclusion that on decreasing the temperature through a certain range, 
_ the irritability of striated muscle increases for stimuli other than 
chemical and mechanical, in which cases the result seemed indefinite. 

In plain muscle on increasing the temperature* above 28°C. the 
frequency of contraction is (Fig. 13) at first slightly accelerated, while the 
magnitude of the oscillations with a few exceptions is considerably 
diminished. At 25°C. the wsophagus is contracting slowly, but each 
contraction is of great magnitude; on the temperature reaching 29° C. 
the contractions are seen to become very small, while the time taken for 
their completion is decreased: above this an increase in general tonus, 
which might be called a warmth rigor, ensues, this becomes more 
marked as the temperature is raised to 39° C., when the contractions 
practically disappear, at the same time a great diminution in tonus 
sets in. 

The effects produced by cooling the muscle are recorded in Fig. 14, 
which shows that about the temperature of 13°C. the length of the 
tissue begins to diminish along with a decrease in the size of the single 
contractions. The shortening continues to increase until 0° C. is reached, 
at which temperature the muscle assumes its minimum length while 
the contractions are totally absent. If the cooling be not carried 
_ beyond this stage and is not maintained for too long a period, on 
warming the preparation, the muscle relaxes and presents its charac- 


teristic contractions again, in fact the contractions may be of a greater 


magnitude than before the cooling, as shown in the second part of the 
above figure. 

Through Prof. Fano’s kindness in supplying us with Fig. 15, we 
are able to compare the effect of the above conditions on the auricle 
of Emys europea. | 

On the heart being cooled below 23° C. the primary beats decrease 
in magnitude while the frequency and amplitude of the tonus 
oscillations diminish. On the temperature falling to 11°C. a nearly 
continuous tonus is produced which is considerably greater in intensity 
than the maximum at any point at a slightly higher temperature. 

If the tissue be slowly warmed the return of the oscillations is not 
immediate, the primary contractions redevelope first, in the curve 
relaxation does not begin until 24°C. is reached. Above that tem- 
perature the primary contractions increase in magnitude until the 


1 This Journal, xx. p. 247. 1897. 
2 Compare Bottazzi, Contributi etc. p. 35, 
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temperature of 41° C., while the tonus oscillations grow pari passu, but 
above that they practically disappear, while the primary contractions 
continue to increase as the tissue becomes warmer. 

Comparison of Figs. 14 and 15, is of interest as the principal features 
appear in both: when the temperature of the tissues has been reduced 
to 13°C. relaxation is impaired in plain muscle, and at 23° in auricular 
muscle on continuing the cooling -process the tonus becomes rapidly 
greater and greater, while the individual contractions become smaller 
and smaller and finally die out, The function of the tissue may be 
restored by warming if it has not been subjected to too low a tem- 
perature for a considerable period; on reaching 13°C. the primary 
contractions in cesophagus reappear, while even at 6° C. the tonus begins | 
to decrease. The normal contraction is recorded at 15° C., above that 
the contractions are exaggerated, but if the tissue be kept at that 
temperature for some time the contractions return to the magnitude 
of those which occurred before the tissue had been cooled. The 
-same effects occur in heart muscle, but at approximately 10° higher 
temperature. 

The difference in the effects produced by warmth and cold in the 
two tissues is quite obvious: we note that cooling causes an increase in 
tonus accompanied by a decrease in the frequency and magnitude, and 
final disappearance of the primary contractions, while warming causes 
- a rigor, along with an increase of frequency but decrease in magnitude 
of the primary contractions: in the latter case the height of the tonus 
is never so great as in the former. As regards the explanation of the 
above results we are inclined to believe that the recent researches 
of Waller’ are of the utmost importance. He found that if the 
energy of the stimulus applied to a nerve were kept constant, its 
efficiency depended upon the rate of fall of that energy, the maximum 
rate of fall not being the most effectual, but that for every kind of 
nerve at a definite temperature there existed a definite optimum rate 
of fall; this he hints may also apply to muscle. It is. therefore 
probable in our case that on altering the temperature of the tissues 
the internal or automatic stimuli which are responsible for the two 
kinds of contraction have their efficiency altered but not equally. 
Thus on cooling the tissue the efficiency of the stimuli which cause 
tonus, increases, while that which produces the primary contractions is 
diminished. On the other hand an increase of temperature above 


‘ Waller. Communicated to the Physiological Society. Feb, 18. 1899. 
PH. XXIV, | | 5 
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40° C. decreases the efficiency of the stimuli to that particular substance 
(sarcoplasm) which gives rise to the so-called “tonus oscillations” of 
the auricular muscle and the normal allied movements of plain muscle ; 
we are therefore inclined to term the alterations in tonus “ sarcoplasmic 
contractions ” rather than “ tonus oscillations” ; and consider it probable 
that they are constantly taking place in the plain muscle surrounding 
the blood-vessels of mammals and make themselves evident in certain 
cases as “ Traube-Hering curves.” 


(6) The effects of drugs. 


The effects of some drugs on plain muscle and its automatic 
contractions have been studied in detail by one of us', while Fano’ has 
recorded their effects upon the tonus oscillations of auricular muscle 
of Emys europea. In this section it is our intention to compare the 


action of drugs on the two tissues and to point out the similarity and 


difference of the effects. We have not considered it necessary to repro- 
duce curves in all cases but often refer to already published papers for 
comparison. 

Muscarine and Atropine. The effects of muscarine and atropine 
are well illustrated in Fig. 16; the cesophagus was contracting sponta- 


B A 
Fig. 16. (Esophagus of toad contracting automatically. Action of muscarine 
| and atropine. | 
neously and regularly, but the contractions were comparatively small : 
on the application of muscarine the magnitude of the contractions 


1 Bottazzi. Contributi ete. p. 48. 
* Fano. Archives Italiennes de Bivlogie, 1x. p. 61. 1887. 
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became markedly greater and remained constant until a short time 
after the application of atropine, which in this case causes a diminution 
in tonus along with a cessation of contractions. 

After the third contraction in the tracing muscarine was applied 
and an increase in the magnitude of the contraction is seen; at (A) a 
drop of a dilute solution of atropine was placed on the tissue, abolition 
of the contractions with a rapid fall in tonus occurred; at (B) the 
preparation was washed with normal salt solution, an attempt being 
made to restore the normal function of the tissue, this howevér was not 
accomplished ; and at (C) washing was discontinued and the muscle died 
without rigor. The preparation was in an irritable condition since each 
application of the salt solution acted as a stimulus and was followed by 
a contraction. Since atropine alone produces relaxation, or lowering of 
general tonus and increase in the amplitude of the single contractions 
of plain muscle, as in auricular muscle, we see at (A) a cumulative effect 
of both drugs which is quite different from that produced by either 
separately. Muscarine alters but slightly, if at all, the automatic 

function, while atropine inhibits temporarily automatic contractions 
and produces a relaxation which is followed by augmentation of the 
single contractions: muscarine and atropine together permanently 
destroy the motor function, without (as far as we can see) the irri- 
tability of the muscle substance. 

We here take the opportunity of pointing out that the conclusion 
that one drug is antagonistic to another should not be based upon the 
fact, alone, that the. application of the second abolishes the effect 
produced by the first; since this result may often be obtained by 


Fig. 17. Action of veratrine On spontaneously contracting plain muscle. 
5—2 
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_ thoroughly washing with normal salt solution. To make certain that 
one drug is antagonistic to another it is as well to attempt to make 
a mixture of the two in such a proportion that its application is 
followed by results not visibly differing from those produced by the 
application of normal salt solution. 

Veratrine. A few drops of a dilute solution of veratrine applied to 
an automatically contracting cesophagus of a toad causes a series of 
contractions at gradually increasing heights; resembling in many 
respects a staircase phenomenon. This may be compared with the 
effect found by Fano on applying the drug to the heart of the water 
tortoise. 

Fano stated that on immersing the point of the auricle in a normal 

salt solution containing a five per cent. solution of veratrine it loses 
its oscillations of tonus while its primary contractions are increased ; 
stronger doses of this substance however abolish these contractions as 
well. Immediately after the application of the drug an increase in 
general tonus is observed, which is followed by a relaxation below 
that which was normal before the application of the drug. It seems 
probable that a stronger dose applied to the cesophagus would have 
caused death of the tissue, represented by a rise for a short interval 
followed by a relaxation on death. 

Digitalin. Fano found that on treating auricular muscle with 
digitalin the tonus was so much increased that the tonus oscillations 
were abolished ; these however could be reobtained by the application 
of caffeine, while if caffeine were applied by itself complete relaxation 
was produced along with loss of oscillations and primary contrac- 
tions. 

On plain muscle a dilute solution of caffeine causes an initial con- 
traction, followed by a decrease of tonus and contractions, while the 
application of digitalin markedly increases the general tonus without 
totally abolishing the single contractions, the former acting as a typical 
alkaloid and the latter as a glucoside. The great similarity of the 
effects of these drugs on the two tissues is very marked. 

Strychnine. The effect of this drug on plain muscle is similar to 
that produced on the striated type, viz. the irritability is greatly 
increased while the actual contractions are not materially affected. 

Fig. 18, shows the’ effect, the solution of the drug having been 
applied at an earlier part of the tracing and again at (A) and (B); in 
each case contact with the solution caused an exaggerated contraction 
followed by a temporary increase in tonus, the stimulus of the application 
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apparently being sufficient to produce a kind of tetanus or contracture 
which only gradually relaxes. | 


B A 
Fig. 18. Action of strychnia on cesophageal muscle of toad. 


Cocaine and Hydrastis canadensis. The regulating effect of cocaine 
on plain muscle has already been pointed out by one of us; the 
method of action of the drug may be by diminishing the irritability 
of the contractile substance and slightly decreasing the general tonus, 
ie. acting like a damper perhaps by combining with the living substance 


C BA 
Fig. 19, Action of liquid extract of Hydrastis canadensis on plain muscle. 
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of the muscle cells. The effect would suggest the cocaine thus pre- 
vents small external or internal stimuli from producing any contraction: 
we must not however forget that minute doses of cocaine increase the 
irritability of protoplasm. 

In the figure until (A) the tissue is under the influence of cocaine, 
at (A) a dilute solution of Hydrastis was applied, with the result that — 
a powerful contraction tvok place, followed by a series of contractions 
at very short intervals, these gradually decreased, but on the application 
of another drop of the solution another series were obtained (B), — 
these in turn died away, and another series followed the application of 
another drop at (C), thus plainly showing how this drug increases tonus 
and acts as a stimulant on plain muscle. 

Urea. The effect of urea upon plain muscle possesses a clinical 
importance in that one notes that when an imperfect excretion of that — 
metabolite occurs there is a tonic contraction of the walls of the arterioles 
resulting in an increased blood-pressure. The following Fig. 20, shows 
the effect produced by a two per cent. of urea on automatically contract- 
ing oesophagus of toad. The tonus is considerably increased while the 
contractions are very much diminished in magnitude. | 


A 
Fig. 20. Action of urea on plain muscle. 


CONCLUSIONS. 


From the short account given above of the behaviour of auricular 
muscle and plain muscle we wish to draw attention to the great 
similarity physiologically of the two tissues. 

The effect of heat and cold we have seen was the same in the 
two cases. 
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On comparison of the isotonic and isometric curves in the two cases 
a marked similarity was noticed. 

The action of some number of drugs has been found to = similar ; 
thus digitalin increases the tonus in both muscles, while nicotine 
paralyses the tonus in the cesophagus and auricle alike. Atropine 
lowers the general tonus of the muscle of the cesophagus and abolishes 
the tonus oscillations of auricular tissue. Muscarine increases the 
tonus oscillation in heart muscle and in plain muscle. The action of 
veratrine on the two tissues is very similar. 

We consider the above therefore a confirmation of as view put 
forward by one! of us, t.¢. that in plain muscle and in auricular muscle 
of Emys europea some motor function is similar, and this is due — 
to the particular substance which is called sarcoplasm and is repre- 
sented in both, although more richly in the former than in the latter. 

The anisotropic substance in the auricle we think gives rise to the 
primary beats or contractions, while in plain muscle it is very scanty, 
and hence its function is not made evident in the cesophagus of toad. 
In most cases the motor function of this kind of muscle is confined to 
sarcoplasm, and contractions comparable to the primary contractions 
of auricular tissue are masked or kept in abeyance; in these cases the 
movements of plain muscle are comparable to the tonus oscillations 
only. In some cases, small contractions on the top of other greater 
contractions are visible, and these are especially well marked in the 
cesophagus of birds and Aplysia; it is these secondary contractions in 
plain muscle which are comparable to the primary contractions in 
auricular tissue. 

This is what one would be led to expect from histological investi- 
gation, the substance which is present in the greater amount produces 
the primary function of the tissue, while the substance here scantily 
represented produces the secondary movements. 

We have pleasure in expressing our thanks to Prof. Foster for 
allowing us the use of his Laboratory. © 


1 Bottazzi. Contrib. etc. 
4 This Journal, xxu1. p. 486, fig. iv. 1898. 
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ON THE VASO-MOTOR NERVES OF THE SMALL 
INTESTINE*. By J.L. BUNCH, MD., DSc. (Twenty-six 
Figures in Text.) 


(From the Laboratory, University College, ‘London, ) 


CONTENTS. 
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Method. 
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Effect of drugs. 
Influence of various nerves—Splanchnics. 
Vagi. 
Reflex effects. 


On the vaso-motor outflow from the spinal cord. 

The nerve-cell connections of the intestinal vaso-motor fibres. 

Summary of Conclusions, 

Addendum. 
THE circulation in the mesenteric vessels has been investigated, since 
the researches of Claude Bernard, by numerous observers and by 
various methods. The simplest method of all, that of direct observa- 
tion, was made use of by Vulpian’ to show that stimulation of the 
mesenteric vessels with the point of a pin causes them to contract, and 
by Moreau’ and Budge’® to prove that stimulation of the splanchnic 
causes similar constriction. 7 

The effect on the general blood-pressure produced by variations 

in the intestinal vascular area was investigated by von Bezold and 
Bensen‘, and by von Basch’, who showed that the vaso-dilatation 
of the intestines which was caused by section of the splanchnics pro- 
duces a fall of general pressure, and that excitation of the peripheral 
ends of the divided splanchnics causes constriction of the intestinal 
vessels and rise of general pressure. A similar rise of general blood- 
pressure was shown by Heidenhain and Griitzner® to be produced 


* The expenses the British 
Association. 

1 Comptes rendus de la Soc. de Biol., 1858. * Arch, de Phys., 1v. 1878. 

‘3 Canstatt’s Archiv, 1856. 4 Neue Wiirzburger Zeitung, 1866. 

5 Ludwig's Arbeiten, 1875. 6 Pfliiger’s Archiv, xv1. 1878. 
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by excitation of a sensory nerve, and was ascribed by them to con- 
striction of the intestinal vessels. 

Asphyxia was proved by Zuntz', and by Dastre and Morat? to 
cause constriction of the mesenteric vessels, and the latter asserted that 
an antagonism exists between the visceral and the cutaneous vessels, 
so that when the former undergoes constriction the latter dilates. 

Dilatation of the intestinal area produced by vaso-dilator nerves has 
been generally assumed ever since the function of the depressor nerve 
was known. The fact that section of the splanchnics prevents to a 
large extent stimulation of the depressor causing a fall of pressure was 
held to be a proof that these nerves contain vaso-dilator fibres for 
the intestine, though no direct proof was forthcoming. Dastre and 
Morat®, and also Pawlow ‘, considered that constriction of cutaneous 
vessels denotes dilatation of the visceral area, and the former observers 
found such constriction to occur on stimulation of the depressor. 
Bradford and Dean® also assumed that the fall of blood-pressure 
which they obtained on stimulating the splanchnic at the rate of 1 per 
second was due to dilatation of the intestinal area. 

The influence of the vagus on the intestinal vessels has been 
investigated by numerous observers; Rutherford® in 1869 stated that 
stimulation of the peripheral end of the vagus produces no effect on 
the mesenteric vessels, but Rossbach’ found that such stimulation 
causes vaso-constriction. Boehm* made a similar statement shortly 
afterwards, as also have some other observers since. 

The results obtained by such methods as direct observation of the 
intestine or of the mesenteric vessels, and investigation of the changes 
in general blood-pressure produced by variations in calibre of the 
intestinal vessels, have been greatly amplified by a plethysmographic | 
method devised by Frangois-Franck and Hallion and published in a 
valuable paper in the Archives de Physiologie for 1896. Not only have 
these observers been able to confirm many of the results previously 
obtained, but they have been able to demonstrate to their satisfaction 
the presence of vaso-dilator fibres in the vagus, and to determine the 
outflow of vaso-motor nerves to the intestine. Horscraft Waters® 
had previously shown that in the frog the 5th and 6th spinal 


1 Pfliiger’s Archiv, xvu1. 1878. * Arch. de Phys., 1882 and 1884. 

3 loc. cit. | * Pfhliiger’s Archiv, xv1. 1878. 

5 This Journal, 1889. 6 Journ. Anat, and Phys., May, 1875. 
? Arch. f. Phys., 1875. 8 Arch. f. exp. Path., 1875. 


® This Journal, 1885. 
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nerves contained vaso-motor fibres for the intestine, and Frangois- 
Franck and Hallion have now shown that in certain animals, the 
nature of which however they do not state, the outflow of vaso- 
motor fibres extends from the 5th dorsal to the 2nd lumbar nerves. 
These results are however obscured by the adoption of a method, 
which, though valuable for comparative observations, renders the results 
difficult of interpretation. Not only are the vaso-motor changes in the 
intestine recorded on the tracings, but also changes due to movement 
of the intestine—a factor which is of great importance, since many 
of the results are obtained by stimulation of nerves which produce 
contraction or dilatation of the muscular coats of the intestine. I have 
therefore been led to contrast these results with those obtained by a 
method which records only the vaso-motor changes of the intestinal 
vessels. My thanks are due to Professor Schafer not only for suggest- 
ing the research, but also for much valuable assistance and criticism 
during its progress. | 


‘Method. 


In this research the plethysmograph has been employed to record 
the vaso-motor changes of the small intestine. Experiments were 
first made with an instrument similar to that used by Hallion and 
Francois-Franck, the segment of intestine under observation being 
kept under warm salt solution in a glass vessel connected by means 
of a tube with a recording tambour’. The results obtained by this 
method were not altogether satisfactory, there being great difficulty in | 
making the apparatus quite tight without unduly constricting the 
mesenteric vessels, and in most cases cutting off all blond supply to the 
intestinal segment. A plethysmograph of very simple construction 
devised by Professor Schafer has since been employed, consisting of a 
gutta-percha box with one side of glass, which enables the segment 
of intestine to be directly observed and the flushing or pallor of the gut 
to be accurately noted. The mesenteric vessels enter the box on one 
side through an opening sufficiently large to prevent any pressure being 
exercised on them, the rest of the aperture being closed by cotton-wool 
and thick vaseline. The box is connected with a tambour or piston- 
recorder by an india-rubber tube attached to a glass tube which passes 
through one side of the box, the whole apparatus being filled with air. 
A lateral tube leads from this connecting tube, and is closed with a 


1 Arch. de Phys., 1896. 
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- spring clip, so that the pressure within this air-tight system can be 
raised or lowered at any moment. The intestine is exposed by an 
abdominal section, the animal in every case being under an anesthetic, 
which was varied in different experiments so that any influence due to 
this cause alone might be discounted by comparative observation. The 
intestine was kept moist by warm salt solution, and a small segment 
of intestine having been selected, its mesenteric attachments were 
divided opposite the two extremities, the gut cut across, and all 
hemorrhage stopped. Both ends were left open, and, if necessary, the 
segment of gut washed out, care being taken to exclude all air from 
the interior of the segment. The intestine was then placed in the 
plethysmograph, which was made air-tight with vaseline. The blood 
supply of the intestine reached it, as a rule, through numerous mesen- 
teric vessels, but in one case only a single artery and vein were 
left and all nerves passing to it were divided. The tambour was 
made to record on smoked paper, and the tracing obtained showed 
most distinctly the alterations in pressure due to respiration and the 
ventricular beats, the latter being in most cases as well marked as 
those seen on the blood-pressure tracing taken from the carotid artery. 
Even in small animals like the rabbit, where the mesenteric vessels are 
small, the heart-beats are quite plainly seen upon the tracings. 

An intestinal vaso-plethysmograph has been described by Edmunds 
in the Journal of Physiology of March 19th, 1898, and used by Halli- 
burton and Mott? in their experiments upon the action of choline, etc., 
which is also constructed of gutta-percha, and closed by a glass plate made 
tight by vaseline. The shape of the instrument is different from that 
of the one which I have employed, and a modification of it is also 
described which is made of metal and has a hot water jacket. In its 
essential features, however, this plethysmograph is similar to the one 
which I have made use of since the latter part of 1897. 


Effect of Asphywia on the vaso-motors of the intestine. 


Plethysmographic tracings of the small intestine show well-marked 
heart-beats and respiratory curves, but (when no air is included in the 
gut) no curves of greater amplitude such as are seen in the case of 
the spleen and kidney under normal circumstances. It is worthy of 
attention that the results obtained by Francois-Franck and Hallion 
are complicated by contractions of the intestinal walls, as is distinctly 


1 Proc. Physiol. Soc., Journ. Physiol. xxu1. 1898. 
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seen in some of their tracings, and this is accounted for by their 
methods—viz., either tying the ends of the segment of gut under 
investigation, or introducing into each end a tube which communicates 
with a tambour. In either case there is a liability to changes in 
volume of the air included within the gut, and the results obtained 
must necessarily be difficult of interpretation. 

Curves may sometimes be seen on the tracings obtained by the 
method which I have adopted which correspond with curves present 
on the carotid pressure tracing. Fig. 1 shows undulations on the 


Fig. 1. ‘Traube-Hering curves. 4. 


plethysmographic record which correspond accurately with Traube- 
Hering curves on the blood-pressure tracing. A rise of blood- 
pressure is seen to be accompanied by constriction of the intestinal 
vessels, and the succeeding fall of pressure by dilatation of the 
intestinal vessels. In asphyxia, the first effect is a marked constric- 
tion of the vessels of the intestine and an appearance of blood- 
lessness which may be almost as well defined as that obtained by 
compression of the thoracic aorta. Compression of the aorta causes 
a great fall of blood-pressure in the abdominal arteries, accompanied 
by a marked rise in carotid pressure. This is seen in Fig. 2; when 
the compression is relaxed the blood-pressure in the intestinal vessels 


Fig. 2. Effect on blood-pressure and on intestinal plethysmographic tracing of 
compression of thoracic aorta. 4. 


rises at first rapidly, afterwards more gradually to the normal, and 
the excursions of the mercury due to the heart-beats are increased 
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in size, although this would be partly accounted for by the more 
flaccid condition of the arteries. A similar fall of pressure is obtained 
by clamping the mesenteric vessels passing to the loop of intestine 
employed (Fig. 3), but this produces no appreciable effect on the 


Fig. 3. Effect of compression of mesenteric artery. 3. 


general blood-pressure. Asphyxia causes at first an increased force 
of the cardiac contraction, and constriction of the intestinal vessels 
which persists for some time. The vessels of the skin dilate, either 
by reason of a compensatory mechanism which sends the venous blood 
to the surface, or, as Stefani! supposes, owing to a difference in the 
elastic resistance of the intestinal and superficial vascular systems. 
Fig. 4 shows that the intestinal vaso-constriction is succeeded by 
dilatation, although the carotid pressure is rising. This rise of pressure 
may perhaps be due to constriction of vessels other than those of the 
intestine, since direct observations of the intestine does not show that 
its vessels are appreciably constricted. If, however, the intestinal vessels 
do not dilate during asphyxia, the rise of the plethysmographic curve 
must be due to passive congestion of the veins. The heart-beats now 
appear on the plethysmographic tracing larger than before the onset 
of asphyxia, but this may be merely the result of a diminished rate of 
beat: ultimately they gradually become less forcible, constriction of 
the intestinal vessels again sets in, the heart becomes feebler and 
death ensues. At a temperature of 60°F. death takes place, in a — 
dog angsthetised with chloroform, 12 to 14 minutes after the onset 
of asphyxia, in cats rather more quickly, and in rabbits more 
quickly still. In the latter, however, if the temperature be raised 
by pouring hot water into the tin on which the animal is placed and 


1 Atti del XI, Congr. medic. Torino, 1894, t. 11. 
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artificial respiration be continued, the heart may begin to beat again 
after it has completely ceased. Richet has even seen spontaneous 
respiration return under similar circumstances, but in those rabbits with 
which I have experimented the thorax has been opened and the animal 
placed under artificial respiration previous to the asphyxia. 

Dastre and Morat* hold that all the phenomena of asphyxia are 
phenomena of stimulation, and argue that, since asphyxia causes the 
pupil to dilate on the side on which the sympathetic is intact while it 
remains unaffected on the opposite side on which it has been divided, 
the effect is due to stimulation of a centre in the central nervous 
system. In asphyxia also, the vaso-constrictor centre for the intestine 
is first stimulated and later on the vaso-dilator centre if the rise on the 
plethysmographic curve be not due entirely to passive venous con- 
gestion. The continued rise of general pressure, during such vaso- 
dilatation might be brought about by constriction of those systems, 
which are affected late in asphyxia. 


Effect of drugs upon the vaso-motors of the small intestine. 


Of the drugs which have a marked effect upon the small intestine, 
one of the most powerful is nicotine. Even in minute doses it causes 
a great constriction of the intestinal vessels synchronous with the rise 
of general blood-pressure, which is gradually recovered from, and is 
usually followed by a less marked dilatation (Fig. 5). 

In larger doses it causes an enormous effect of the same character, 
the after-dilatation lasting for a very considerable time and amounting — 
to temporary vaso-motor paralysis, so that if another dose be injected 
intravenously during this period no effect is produced upon the in- 
testine. In one animal (cat) in which all connections of the portion of 
intestine in the plethysmograph with the central nervous system had 
been divided, and in which stimulation of the splanchnic gave passive 
dilatation of that portion, synchronous with the rise of general blood- 
pressure, intravenous injection of nicotine caused constriction of the 
intestinal vessels. This is in accordance with the results of Moore | 
and Row’*, who showed that the action of nicotine is peripheral. In 
one case an injection of 1 mg. of nicotine caused dilatation instead of 
constriction of the intestinal vessels (Fig. 6) although accompanied by 
the usual rise of carotid pressure, and in this case it seems probable 


| Arch. de Phys., 1884. * This Journal, xxu. 1898. 


Bi. 
x 
7 
4 
& 


80 | J. L. BUNCH. 


that the stalin ganglia, or nerve endings, on which nicotine acts 
had become paralysed, perhaps by tbe anesthetic. 


Fig. 6. Unusual effect of injection of nicotine intravenously. Immediate — 
produced without any preceding constriction. 4. 


The action of coniine is similar to nicotine as regards the intestinal 
vessels, but it produces no after-dilatation and its action is less powerful 


(Fig. 7). 


Fig. 7. Cat, 2°75k. Effect of intravenous injection of coniine. 4. 


These tracings were all taken from animals in which both vagi had 
been divided in the neck, or sufficient atropine had been given to 
eliminate the action of the vagus on the heart. To avoid the respira- 
tory paralysis caused by the intravenous injection of nicotine and 
coniine, the animal was placed under artificial respiration. 

~The effect of the intravenous injection of nicotine on general blood- 
pressure has been investigated by numerous observers, and Largley 
and Dickinson’ have described in detail the vaso-motor effects in 
the intestine appreciable by direct observation. More recently, Moore 
and Row? have published tracings showing the effect of intravenous 


1 This Journal, x1. p. 265. 1892. 2 This Journal, xx11. p. 273. 1898. 
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injection of nicotine on the kidney volume and on blood-pressure. 
They find that the rise of pressure produced by the injection is accom- 
panied by considerable constriction of the kidney, which is not followed 
by any appreciable dilatation. Francois-Franck and Hallion state 
that constriction of the kidney may be accompanied by absence of 
constriction of the intestinal vessels, or even by their dilatation, but 
in the case of intravenous injection of nicotine, renal constriction is 
undoubtedly accompanied by diminution of volume of the vessels of 
the intestine. But nicotine produces an after-effect on the intestinal 
vascular area different from that on the kidney volume, in that the 
primary constriction of the mesenteric vessels is followed by marked 
dilatation, even while the blood-pressure remains considerably raised. 
As just stated, nicotine does not produce distinct after-dilatation of the 
kidney. The fact that nicotine may cause dilatation of the mesenteric 
vessels has already been recorded by Moore and Row in their paper, 
their results having been obtained by direct observation of the vessels 
when 1 °/, solution of nicotine was allowed to flow over them. 

I have also investigated the action of piperidine on the vaso- 
motors of the intestine. The effect is exactly similar to that 
produced by nicotine and coniine as regards the vaso-constriction it 
causes, but its action is allied rather to that of coniine, in that it 
gives rise to no secondary vaso-dilatation. Intravenous injection of 
neutralised 1°/, solution of pyridine on the other hand causes dilata- 
tion of the intestinal vessels accompanied by fall of general pressure. 
The effects of these four drugs on the vaso-motors of the intestine 
are therefore evidence in favour of the view that the action of nicotine, 
coniine and piperidine is due to a common cause, probably the presence 
of a reduced pyridine group’. The first injection of pyridine which 
I administered gave rise to marked constriction of the intestinal 
vascular area, but the solution of pyridine on examination was found 
to be strongly alkaline, and it was only on accurately neutralising 
it that dilatation was obtained. This experiment led me to inject 
some dilute solution of sodium hydrate into a vein, and it was found to 
have a vaso-constrictor action on the intestine and to produce rise of 
carotid pressure*, Intravenous injection of normal saline solution was 
also tried; in small quantities it exerts no perceptible effect upon the 
intestinal vessels. The entry of sodium sulphate solution into the 
circulation frequently sets up a series of extensive curves on the 


1 Of. Moore and Row, loc. cit. 
* Cf. Gaskell, Roy. Soc. Proc. 30, 1880, pp. 225-227. 
PH. XXIV. 6 
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plethysmographic tracing, which correspond with the curves of a 
Traube-Hering character seen on the carotid pressure tracing under 
such circumstances. The curves are indistinguishable from those 
shown in Fig, 1. 
Injection of extract of mammalian suprarenal causes very great 
vaso-constriction of the intestinal area. 
_ The effect of alcohol on the circulation was investigated by Hering, 
who found that it slows the circulation, since potassium prussiate in- 


_ jectéd into the circulation of a horse completes the circuit normally in 


30 seconds, but takes 40 seconds after the alcohol has been injected. 
Zimmerberg? showed that alcohol lowers blood-pressure and causes 
diminution of the cardiac contractions. Marvaud? found that it lowers 
the pressure in man when given in doses of 20—50 grammes of brandy. 
Dilute solutions of alcohol even as strong as 40°/, do not produce any 
distinct effect on the intestinal vessels when injected intravenously, — 
although, as one might expect, absolute alcohol when injected undiluted 
does produce vaso-constriction. : 

Eserine causes a rise of carotid pressure, and a very marked con- 
striction of the vessels of the intestine (Fig. 8). 


Fig. 8. Cat, 8k. Effect of injecting 2mg. eserine intravenously. 4. 


Ergotine, when injected intravenously, causes a slight preliminary 
dilatation of the intestinal vessels, which is succeeded by constriction, 
and later on by still more marked dilatation. The intestinal vaso-. 
constriction is accompanied by contraction of the circular coat of the 


1 Diss. inane, Dorpat, 1869. 
-® L’alcool, son action physiologique, Paris, 1872. 
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intestine (Fig. 9). After a slight preliminary rise, the carotid pressure 
falls in spite of the constriction of the intestinal vessels, probably from 
direct action of ergotine on the heart. 


Fig. 9. Intravenous injection of 2 mg. ergotine. The uppermost curve shows the effect 
upon the circular coat of the intestine, as obtained by inserting a small india-rubber 
bag containing fluid. The lowermost curve is that of the intestinal vessels. 


Fig. 10. Effect of injection of croton oil. 4. 
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The intravenous injection of croton oil (Fig. 10) causes a rise of 
blood-pressure, and a primary constriction of the intestinal vessels, 
followed by dilatation. Whether its cathartic action is to any appre- 
ciable extent dependent on its vascular effects, there is not sufficient 
evidence to show, but it is worthy of note that many other drugs which 
cause systolic tone of the intestine, such as nicotine, also have a vaso- 
constrictor action on the intestinal vascular area. 


Influence of various Nerves. 


The influence of the splanchnic on the mesenteric vessels was 
investigated long ago by the method of direct observation, and recently 
Frangois-Franck and Hallion’ have stimulated the sympathetic 
cord within the thorax, and also the rami communicantes, and have 
recorded the results by means of their plethysmograph. Nowhere in 
their paper is it stated that reflex effects were guarded against by 
division of the rami communicantes on the proximal side of the point 
of stimulation. Even assuming that this precaution was taken, the 
effects on the intestinal walls, which I have elsewhere? shown to be 
produced by splanchnic stimulation, would have to be taken into con- - 


Fig. 11. Dog. Effect on intestinal vessels of stimulating the splanchnic. An after- 
dilatation is seen beyond the power of the tambour to record. 4. 


sideration when interpreting the authors’ results, They do not state 
that they have stimulated the peripheral end of the divided splanchnic 


1 loc, cit. 2 This Journal, 1898. 
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and recorded the effect on the intestinal vessels. This experiment I 
have performed on rabbits, cats and dogs, precautions being taken 
to avoid the reflex effects which may complicate the result unless the 
branch which the greater splanchnic receives from the lesser splanchnic 
be divided. The splanchnic was stimulated on both sides, at different 
levels, with different rates of repetition of the stimulus, and with 
different strengths of current. In almost every case I have found 
such stimulation to produce a rise of blood-pressure accompanied by 
constriction of the intestinal vessels and followed by more or less 
well-defined dilatation (Fig. 11). Even when this after-dilatation is 
well-marked, there is no corresponding fall of general pressure below the 
normal ; indeed, the general blood-pressure normally remains somewhat 

Pure vaso-dilatation was not always produced by stimulation of the 
splanchnic with weak currents or with slowly repeated stimuli at the 
rate of 1 per second, or even less, but in a few cases I have succeeded 
in obtaining it. Fig. 12 shows dilatation of the intestinal vessels 


+ 


| Fig. 12. Dilatation of the vessels of the intestinal segment produced by stimulation of 
the peripheral end of the divided splanchnic. No effect on general blood-pressure. 


obtained by stimulating the peripheral end of the splanchnic with very 
weak and slowly repeated stimuli. The effect is unaccompanied by 
any rise of general blood-pressure and the dilatation may therefore be 
considered an active one, as distinguished from vaso-dilatation which is 
accompanied by a rise of general pressure. In a few experiments the 
arterial cannula was connected with a mercury-valve, or regulator’, of 
rather large bore, sufficiently wide to enable the blood to escape freely 


1 Cf. Bayliss, This Journal, xm. Supp. p. 14, 1898. 
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when any rise of pressure took place in the carotid artery, and thus 
maintain the general blood-pressure at a constant level. Fig. 13 shows 


Fig. 13. Dog. Dilatation of intestinal vessels on stimulation of peripheral end of 
cut splanchnic. ' General blood-pressure maintained constant by means of mercury 
regulator. 


the effect obtained in a dog on stimulation of the peripheral end of 
the splanchnic with the coil at 12 em., intestinal vaso-dilatation taking 
place apart from any general rise of blood-pressure. When obtained, 
this dilator effect of the splanchnic is abolished by doses of nicotine 
such as are capable of abolishing the constrictor effect of the splanchnic. 
In one case I succeeded in dividing all nerves accompanying the one 
mesenteric artery which connected the segment of intestine with the 
general circulation, and in this case excitation of the splanchnic caused 
passive dilatation of the vessels of the isolated loop along with the rise 
of general blood-pressure (Fig. 14). 


Fig. 14. Passive effect of stimulating splanchnic; all nerves to intestinal 
segment divided. 4. 
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The vagus has been stated by Francois-Franck and Hallion! to 
produce vaso-dilatation of the intestine whether stimulated in the 
- thorax without atropine, or in the neck after administration of atropine. 
No statement is made as to the nature of the animals in which these 
results were obtained. In the rabbit and in the cat I have been un- 
successful in obtaining such results, and only in one dog did excitation 
of the peripheral end of the vagus produce vaso-dilatation (Fig. 15). 


Fig. 15. Unusual effect obtained in one dog by excitation of the vagus. Dilatation 
of the intestinal vessels could not be made out by direct observation of the 
intestine. 3. 

In this case the vagus was stimulated in the neck after the administra- 

tion of 2 mg. of atropine, and some vaso-dilatation followed the shutting 


Fig. 16. TE ee: Effect of stimulating the vagus in the neck after the 
injection of 7 mg. — 3. 


1 loc. cit. 
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off of the current, accompanied by a slight diminution in the size of the 
heart-beats. Another 5 mg. of atropine was then injected, but stimula- 
tion of the peripheral end of the vagus now produced no effect, although 
stimulation of the central end still gave the usual result (Fig. 16). 


ra 


= 


Stimulation of the central end of the divided anterior crural nerve. 3. 


Fig. 17. 
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Francois-Franck and Hallion however state that they have 
obtained vaso-dilatation on exciting the cervical vagus after the admi- 
nistration of as much as 25 mg. of atropine, although in their published 
tracing such dilatation appears only as an after-effect. Rossbach’ has 
also described vaso-motor effects as:being obtained on excitation of the 
vagus, but he states that they are abolished by atropine in doses greater 
than 4 mg., no effect on general blood-pressure being obtained after 
injection of quantities in excess of this. 

Stimulation of the peripheral end of the cervical vagus when no 
atropine has been injected causes a fall of blood-pressure both in the 
general and intestinal systems. 

Lovén, Griitzner and Heidenhain, and others have oe that 
stimulation of the central end of certain sensory nerves causes rise of 
general pressure, and Fig. 17 proves that constriction of the intestinal 
area accompanies such rise of pressure, and must contribute largely 
towards it. In the rabbit, however, when anezsthetised by chloroform. 
I find that excitation of the central end of the anterior crural 
nerve causes dilatation of the intestinal area instead of constriction. 
Bayliss* supposes that the nerves of the limbs in the rabbit con- 
tain depressor as well as pressor fibres, the former only producing an 


Fig. 18. Rabbit. Excitation of depressor nerve. 


appreciable effect when the vaso-constrictor centre is paralysed by 
chloroform. This is then also true for the nerves of the intestine. 


1 Arch. f. Phys., 1875, p. 439. 
2 This Journal, 1893. 
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Dilatation of the intestinal area has long been assumed to be 
produced by excitation of the depressor in the rabbit, and this is shown 
to be the case in Fig. 18, the fall of pressure being accompanied 
by dilatation of the intestinal vessels, In the cat I have also succeeded 
in stimulating corresponding fibres, the excitation of which produces 
intestinal vaso-dilatation exactly comparable to that obtained on stimu- 
lation of the depressor in the rabbit. 

In the dog, stimulation of the central end of the divided vagus 
sometimes produces a similar intestinal vaso-dilatation, which is how- 


Fig. 19. Dog. Stimulation of vagus. 3. 


ever accompanied by a rise of general pressure instead of a fall (Fig. 19). 
Vaso-constriction must therefore take place to a marked degree in 


Fig. 20. Dog. Dilatation of intestinal vessels produced by stimulation of the central 
end of the thoracic vagus. General blood-pressure maintained constant by means of 
mercury regulator. 
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some area other than the small intestine. This intestinal vaso-dilata- 
tion is also obtained on stimulation of the central end of the cut vagus 
when the arterial cannula is connected with a mercury regulator, so as 
to avoid any general rise of blood-pressure (Fig. 20), but I failed to 
obtain it when both splanchnics were divided. In these experiments on 
afferent nerves, both vagi were divided, so as to avoid reflex cardiac 
inhibition. 


Having succeeded in demonstrating the presence in the splanchnic 
of both vaso-constrictor and vaso-dilator fibres for the small intestine, 
some experiments were performed in order to determine, if possible, 
the origin of these fibres from the spinal cord. As Bradford" has 
shown that the renal vaso-motors pass out through the anterior roots 
of the 4th dorsal to the 2nd lumbar nerves, slight vaso-motor effects 
being obtained even on excitation of the 3rd and 4th lumbar roots, it 
seemed probable that the vaso-motor nerves to the small intestine 
would have an origin from the spinal cord as least as extensive as this. 
The investigation was therefore directed to the whole of the dorsal and 
the upper lumbar roots, the method adopted being similar to that 
made use of in tke case of the viscero-motor fibres of the small 
intestine*. The nerve-roots having been exposed as they passed out- 
wards to the intervertebral foramina were tied with threads of different 
colours and divided centrally to the ligature, the corresponding segment 
of spinal cord being also removed so as to avoid any possibility of 
spreading of the current to it. The nerve-roots were stimulated from 
above down with faradic currents of different strengths and with 
various rates of repetition of the stimulus. It has been suggested 
that, when using strong currents, there is a possibility of the current 
spreading to some slight extent to fibres arising from roots other than 
the one stimulated by means of the sympathetic chain, which forms a 
longitudinal connection between these fibres. Such is however not the 
case to any appreciable extent, since the excitation of certain nerve- 
roots causes a much greater effect both on the vessels of the intestine 
and on the general blood-pressure than does the stimulation of nerve- 


1 This Journal, x. p. 358. 1889. 
2 This Journal, xx1. p. 357. 1898. 
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roots either higher or lower than these. In the dog, vaso-constrictor 
fibrax to the small intestine pass out in the 4th to the 16th post- 
cervical nerve-roots, the greatest effect being obtained on stimulating 

the 10th to the 14th, Fig. 21 shows the effect in a dog of stimulating 


Fig. 21. Dog. Effect of stimulating 6th dorsal nerve-root. 


the 6th dorsal nerve-root. Some vaso-constrictor fibres appear also to 


pass out in the 2nd and 3rd post-cervical roots, but the effect is less 
than that obtained with the 4th. 


Fig. 22. Dog. Stimulation of 5th dorsal root. Coil at 10 cm. 


When employing a current of moderate intensity the vaso-constrictor 
effect was sometimes followed by dilatation (Fig. 22), and this was still 
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more noticeable when a weak current was used. The dilatation lasted 
usually a considerably shorter time than the vaso-constriction, and the 
plethysmographic tracing quickly returned to normal. Pure vaso- 
dilatation was obtained in some cases, and most easily in the case of 
the 2nd and 3rd post-cervical roots, when the constrictor fibres appear 
to be much less numerous (Fig. 23). Stimulation of these roots with a 
weak current caused an immediate rise of the lever connected with the 


Fig. 23. Dog. Stimulation of 3rd dorsal root. Coil at 10 cm. 


plethysmograph, and in estimating the effect it must be remembered 
that a piston-recorder was employed which was certainly sensitive but — 
which did not greatly magnify the results. In these experiments the 
carotid blood-pressure was also recorded, so as to obviate any possibility 
of confusing a merely passive a, neve of the intestine with an active 
and true expansion. 

An attempt was made to determine whether the vaso-motor inner- 
vation was in any way segmental, by taking two segments of small 
intestine, one near the pylorus and the other near the ileo-coecal valve 
and observing simultaneously the effects produced on them by excita- 
tion of nerve-roots. Only two experiments were successful, but these 
did not tend to show that the innervation of the two segments was 
appreciably different. 

In the cat, the severity of the operation and the susceptibility of 
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the animal to drugs rendered the method of stimulating the divided. 
anterior roots of the spinal nerves extremely difficult. The less severe 
method of exposing a short segment of spinal cord, dividing it above 
and below, and inserting needle electrodes, one into the upper and one 


into the lower end of the segment, has given more satisfactory results. 


When a current is sent through such a segment, the effect produced 
on the intestinal vessels may be of such a character that dilatation is 
more marked than constriction when the current is not strong, con- 
striction becoming more evident as the strength of the current is 
increased. Thus, in Fig. 24, where the segment of spinal cord extended 


Fig. 24. Cat. Stimulation of segment of spinal cord between the 
7th and 11th dorsal nerve-roots. 


from the lower level of the 7th to the lower level of the 11th post- 
cervical vertebra, vaso-constriction was very slightly marked with the 
coil at 10 cm., but well marked with the coil at 5 em., and still more 
so with the coil home. The tracing is unusual inasmuch as the con- 
strictor effect follows the dilator effect, a result which I have not 
succeeded in obtaining by excitation of the splanchnic. 

In two cases in the cat the splanchnic was exposed on one side as 
well, and small doses of nicotine injected, until stimulation either of 
the spinal cord or of the splanchnic failed to produce an effect. In 
both these cases, however, an amount of nicotine sufficient to abolish 
the effect of one had a similar effect on both, the effect of stimulation 
disappearing simultaneously in the cord and splanchnic. These two 
experiments therefore support the view of Langley’, that there is 
only one cell station interposed in the course of the fibres passing 
to the vessels from the spinal cord, and that this is peripheral to 


1 A Short Account of the Sympathetic System, 1895. 
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ganglia of the sympathetic chain. They are also in accordance -with 
the results which I have previously obtained in the case of the 
intestinal viscero-motor fibres. 


. SUMMARY oF CONCLUSIONS. 


1, The vessels of the small intestine are supplied both by vaso- 
constrictor and by vaso-dilator fibres, which reach the intestine chiefly, 
if not entirely, by the splanchnic nerves. 


2. Variations in calibre of the intestinal vessels may occur during 
asphyxia which do not correspond to changes in the general arterial 
system. Thus, the general rise of pressure may, during certain stages 
of asphyxia, be accompeniod: by dilatation either of the intestinal 
arteries or veins. 3 


3. Nicotine causes great constriction of the intestinal area, syn- 
chronous with the rise of general blood-pressure; this is gradually 
recovered from and is followed by a less marked dilatation. In large 
doses, nicotine causes an enormous effect of the same character, the 
after-dilatation lasting for a very considerable time and amounting to 
temporary vaso-motor paralysis. 

4. Coniine and piperidine have an action on the intestine similar 
to that of nicotine but pyridine causes intestinal vaso-dilatation. 


5. Stimulation of the peripheral end of the cut splanchnic causes 
vaso-constriction of the intestinal area, which is followed by more 
or less well-defined dilatation. When excited with weak and slowly 
repeated stimuli, dilatation only may be produced. 

6. The splanchnic, therefore, contains both vaso-constrictor and 
vaso-dilator fibres for the small intestine, the vaso-constrictor fibres 
being probably the more numerous, or, at least, the more powerful. 


7. Stimulation of the peripheral end of the cut vagus, whether in 
the thorax without atropine, or in the neck after the administration 
of small doses of atropine, causes no vaso-motor effect: on the vessels 
of the small intestine. This is true for the dog, cat and rabbit. 

8. Vaso-motor fibres for the small intestine of the dog leave the 
spinal cord by the anterior roots of the 2nd to the 16th post-cervical 
nerves. The higher roots contain more dilator, the sara: more con- 
strictor fibres. 
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- 9. The vaso-motor fibres passing to the small intestine have a 
cell-station between the ganglia of the sympathetic chain and the 
mesenteric nerves. | 


AppENDUM. February Ist, 1899. 


It has recently been shown by Bayliss and Starling’ that 
repeated excitation of the vagus in the dog, especially with strong 
currents, gives rise to increased contractions of the small intestine. 
I have, therefore, carried out some experiments in order to determine 
whether such repeated stimulation can also give rise to vaso-motor 


Fig. 25. Effect produced upon the circular coat and the vessels of the small intestine 
by stimulating successively the thoracic vagus and the splanchnic with the same 
strength of current. | | | 


effects on the small intestine. A small rubber bag filled with fluid 
was inserted in a loop of intestine, and a segment of small 
1 ‘This Journal, xxut., No. 5, 
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intestine some distance away was placed in the plethysmograph, and 


_the peripheral end of the thoracic vagus stimulated repeatedly until 


increased contractions of the intestine were set up. These contractions 
are as a rule preceded by a short stage of inhibition, and it seems that 
when once they have been produced by excitation of one vagus, 
stimulation of the other vagus is equally capable of producing them, 
even though it has not previously been stimulated. Unless the current 
used is sufficiently strong to spread to the splanchnic, such excitation 
does not produce any effect upon the vessels of the small intestine, as 
recorded by the plethysmograph, nor upon the general blood-pressure. 
In Fig. 25, stimulation of the peripheral end of the cut intrathoracic 
vagus caused great contraction of the circular coat of the intestine, but 


Fig. 26. Successive stimulation of splanchnic and thoracic vagus. Coil at 8 cm. 
The upper tracing records contractions of the circular coat, the lower carotid blood- 
pressure. 


no effect was produced upon the intestinal vessels until the -———— 
was stimulated. 
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It is noticeable in the tracing that although the splanchnic stimu- 
lation was sufficient to cause a marked effect both upon the general 
blood-pressure and upon the vessels of the small intestine, it did not 
inhibit the contraction of the circular coat. This absence of inhibition 
is also shown in Fig. 26, where excitation of the splanchnic caused 
slight contraction of the circular coat. Stimulation of the vagus © 
immediately afterwards produced first inhibition of this contraction, 
followed by a still more considerable contraction. These two tracings 
tend to show that alterations in calibre of the circular coat are not 


dependent on alterations in calibre of the intestinal vessels. 
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THE MOVEMENTS AND INNERVATION OF THE 
SMALL INTESTINE. By W. M. BAYLISS anp E. H. 
STARLING. (Thirty Figures in Text.) 


(Physiological Laboratory, Guy's Hospital.) 


On no subject in physiology do we meet with so many discrepancies 
of fact and opinion as in that of the physiology of the intestinal 
movements. Among factors contributing to such divergences must 
doubtless be included the varying behaviour of the gut in different 
animals, the varying conditions of the animal with regard to feeding or 
conditions of experiment, such as exposure and cooling of the intestines. 
One of the most important, however, as we shall show in the following 
pages, is the fact that the muscular coat of the intestines is subject to 
inhibitory and augmentor impulses dependent, in the first place, on 
the condition of neighbouring parts of the gut, through the inter- 
mediation of the local nervous system (Auerbach’s and Meissner’s 
plexus), and secondly, on impulses ascending to the central nervous 
system from the intestine, abdominal wall, or other parts of the body, 
and affecting the intestines reflexly. The motor mechanism of the 
- intestinal wall is moreover extremely sensitive to changes in the blood- 
flow through the vessels of the gut, or to the presence of drugs or other 
chemical substances in the blood or within the gut itself. 

Our investigations have been wholly confined to the small intestine 
of the dog. Although in many cases we have been able to explain the 
results obtained by previous observers by reference to one or other of 
the disturbing conditions mentioned above, we must confess that in some 
instances we have been absolutely unable to reproduce effects described 
by physiologists of repute, however we might vary our method of 
experiment; and we have had to come to the unsatisfactory conclusion 
that these results were due to fallacy “ observation or micnenscsen 
methods. 

Methods of Experiment. The great majority of the researches on 
the subject of the intestinal movements have been made by mere 
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inspection of the exposed intestines, although graphic methods have 
been employed by Openchowski, Mislawski, Bunch, Courtade and 
Guyon and other French authors. Although many of the observations 
recorded in the following pages might have been obtained from a mere 
inspection of the exposed intestines, a fuller analysis of the factors 
involved in their causation would have been impossible without 
recourse to the graphic method; and there is no doubt that some of 
the discrepancies on record have been due to the neglect of such 
methods, 

Contraction of the circular coat of the intestine will diminish the 
lumen, and in certain conditions of the gut may increase it in length. 
Contraction of the longitudinal coat will shorten the gut and might 
theoretically cause a slight increase in its transverse diameter. This 
increase is however negligible. The most convenient way of recording 
the contractions of the circular coat is to introduce into the lumen a 
capsule of fine rubber, which is tied on to the end of a small metallic 
tube about 5 inches in length. This may be inserted either through 
the cut.end of a loop of intestine, which is then ligatured tightly round 
the tube, or better through a small longitudinal incision in the 
unattached margin of the intestine. After the insertion of the tube 
the incision is closed by two stitches of fine thread, one of which is 
taken round the tube. The capsule is distended with air under a 
pressure of about 10 cm. of water, the capsule being connected through 
a small water manometer to a piston recorder which records: the 
movements of the water-column and so the contractions of the 
circular coat at the level of the capsule. In many cases it is useful to 
be able to register the contractions of the muscular wall without the 
introduction of any foreign material into the gut. For this purpose 
we made use of an instrument which we may call an enterograph, 
by means of which one may record the contractions of either the 
longitudinal or circular coat, or of both coats simultaneously. The 
construction of the enterograph will be evident from the diagram. 
(Fig. 1.) 

The following general precautions were observed in all the ex- 
periments. The day before the experiment the dog received no solid 
food, and in all the later experiments was given a small dose of castor 
oil in order to clear out any feecal masses. On the day of the experi- 
ment the animal received an injection of 5—20 centigrams morphia, 

and A.C.E. mixture was administered continuously throughout the 
_ preliminary operative measures, and when necessary during the sub- 
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sequent observations. The effect of morphia on the intestinal move- 
ments is so slight that it is better to give a larger dose of morphia 


Intestine 


Fig. 1. Ina brass plate aa, two steel needles b and c are fixed in a slot. b is fixed, but 


can be shifted nearer to or further from c by loosening its fixing screw. ¢ is 
prolonged through the slot and revolves round the axis dd. The upper end of ¢ is 
fastened by a thread to the disk on the rubber of the tambour e, which communicates 
by a tube f with a piston recorder. The lower ends of b and c are pierced with holes. 
Through these holes pass fine threads, which are carried by a needle through the 
outer layers of the intestinal wall and fastened. The muscle fibres running from b to 
c can only contract by pulling c towards b. This causes a movement of the upper 
end of ¢ in the opposite direction, and a consequent pull on the membrane of the 
tambour, which is registered by the piston recorder. The distance of ¢ from ¢, and 
the tension on the muscle-fibres between b and c, can be regulated by means of the 
screw 2, or roughly by moving the tambour in the slot z. 


than to trust for the maintenance of complete anesthesia to the 
continued administration of the A.c.E. mixture; since this latter atfects 
seriously the blood-pressure and probably indirectly the intestinal 
movements. In a few experiments the abdominal wall was sewn up 
after the introduction of the capsule. We found it much better 
however to immerse the whole animal with the exception of the head. 
in a bath of warm normal saline solution, as was done by van Braam 
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Houckgeest, and to allow the coils of intestine under observation to 
lie outside the abdominal cavity. | 


MOVEMENTS OF THE ENERVATED INTESTINE. 


In discussing the physiology of the intestinal movements, it will be 
simpler to consider in the first place the behaviour of the gut, which 
has been freed from all nervous connexions with the central nervous 
system. This may be effected in various ways. In two experiments 
we divided both vagus nerves, cut through the cord just below the 
medulla, and then excised the spinal cord from the seventh cervical to 
‘about the fourth lumbar nerve. In two other experiments we excised 
the whole of the ganglionic mass surrounding the ceeliac axis and the 
superior mesenteric artery, clearing these vessels of all nerve-filaments ; 
divided the mesentery; extirpated the abdominal sympathetic chain 
on each side, and cut both splanchnics and both vagi. Although these 
experiments are the only ones in which one can be absolutely certain 
of having destroyed all nervous connexions between intestine and 
central nervous system, we find that the results obtained differ very 
slightly if at all from those obtained after simple section of both 
splanchnic nerves alone or of both splanchnics and both vagi. 

On opening the abdomen in the warm saline bath, it will be seen 
that the intestines are in a state of active movement. Two kinds of 
movement may generally be distinguished. The first of these are the 
so-called pendulum movements (“ Pendelbewegungen”), all the coils 
being affected by a gentle swaying motion, which has been generally 
ascribed to contractions of a longitudinal coat. On close observation 
these swaying movements are seen to be accompanied by very slight 
waves of constriction, which pass rapidly down the intestine. These 
waves may apparently originate at any part of the gut, but so far 
as we have been able to ascertain, pass almost exclusively from above 
downwards. The small extent of the movement and the varying 
origin of the waves make it difficult to estimate accurately their rate 
of transmission, which apparently varies from 2 to 5 cm. per second. 
Besides these slight contractions, one will generally notice portions of 
the gut which are the seat of a strong contraction of the circular coat. 
This contraction obliterates the lumen both of the gut and of the 


+ Now and then one of these rapid waves appears to travel upwards for a short 
distance, but such an ascending wave can rarely be traced over more than 2 or 3 inches, 
and rapidly gives way to descending waves. 
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blood vessels, so that the affected portion becomes blanched. This 
ring of constriction travels slowly down the gut, and corresponds 
exactly to the accepted idea of a peristaltic contraction, The rate of 
propagation of the wave decreases as the contraction increases in force, 
and may take as much as 10 seconds to traverse lem. On close 
observation, it will be seen that this wave is preceded by a wave of 
inhibition, the portion of the gut immediately below the constricted 
area being relaxed and motionless. In some cases, two or three waves 
of constriction may be seen immediately following one another, each 
wave being separated from the adjoining one by a small length of 
reddened relaxed gut. In no case do these waves move upwards; that 
is to say, there is no antiperistalsis. They may traverse the whole 
length of the small intestine, and be transmitted to the colon, or they 
may gradually diminish in force and die out in their course. If 
absent, they may be easily excited by electrical or better mechanical 
stimulation of any portion of the intestine. In order to study the 
causation of these movements we must employ graphic methods, and 
we may deal with each kind of movement separately. 


I, Pendulum Movements of the Intestine. 


On inserting the rubber capsule already described into the gut, 
and connecting it with a piston recorder, it will be seen that the 
intestinal wall is the seat of continuous rhythmic contractions, which 
cause a diminution of the lumen and are synchronous with the 
pendulum movements as observed by the eye. 
Each contraction and relaxation lasts from 5 
to 6 seconds, so that they are repeated at the 
rate of 10 or 12 per minute. In many cases 
the intestine beats with the regularity of the 
heart; in others the contractions are more or 
less irregular, varying in size or ceasing al- 
together for one or two beats. The contrac- 
tions can be seen to sweep over the balloon Pig. % MiyMumic oom 
and down the intestine, and we therefore at- recorded by a balloon in- 
tempted to measure the rate of propagation of 
the wave by inserting another balloon in the recorder’. (Time marking 

= 6 seconds.) 
gut at some distance from the first. In a few 


1 In all the curves recorded by the balloon method, contraction causes an upward 
movement of the lever. In the curves obtained by means of the enterograph, contraction 
is signified by a downward movement. 
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cases the contractions at both points of the intestine were isorhythmical, 
and apparently occurred at regular intervals. It is from such a case 


that we obtained the curve given in Fig. 3. In this the lower balloon © 


was situated 10 cm. below the upper. The time marking denotes 
intervals of 6 seconds, 


Fig. 3. Propagated contractions. Two balloons 10¢em. apart in a loop of intestine, 


ligatured at both ends, U B=upper and L B=lower balloon. Time marking=6 sec. 
intervals. Rate of propagation =5 cm. per second}. 


In this tracing the rate of propagation works out at about 5 cm. 
per second. We ust confess however that we look upon these results 
with considerable suspicion. In the majority of cases, an apparently 
regular interval between the contractions at two points may gradually 
undergo modification, until the two points are contracting at the same 
time; or we may observe irregularities of the contractions at the 
two points, which are plainly due to a species of interference occurring 
between waves starting from different points. 

A closer observation of the region of the capsules will at once 
explain these irregularities. Each capsule does not merely record the 
wave of contraction sweeping down the gut, but serves itself as an 

excitant of contraction. Immediately above each balloon a slight ring 
of constriction will be seen, and it is from this ring that the waves of 
contraction originate. Each balloon therefore excites its own con- 


? All curves aré to be read from left to right. 
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- tractions. These will be in most cases isorhythmic, since the conditions 


at the two points of the gut are the same. But one cannot as a rule 
judge from the interval between the contractions at two points of the 
rate of propagation down the intestine. In a few cases the lower 
excitation seems merely to reinforce the wave as it arrives from the 
upper balloon, and it is from such cases that we have chosen the curve 
given above. | 

The extent and force of the contractions, as might be expected 
from our knowledge of unstriated muscle generally, vary with the 
tension of the intestinal wall. They are increased within limits by 
greater distension of the balloon or, if previously absent, they may be 
induced in the same way. Increased distension however does not alter 
the rhythm of contraction. 

It has hitherto been a moot point whether the two coats of the 
intestine contract simultaneously or alternately, By registering the 
contractions of the two coats by means 
of two enterographs at right angles to 
one another, it may be shown that the | 
two coats, if they contract at all, always 
contract at the same time (Fig. 4). The 
contraction of the longitudinal coat is 
thus not to aim at the dilatation of . 
the intestine, but rather to protect the 
underlying circular coat, very much in 
the same way as skeletal muscles pro- Fig: of contractions of 


itudinal (ZL) and circular le- 
tect the joint which they or their fibres (0) 


tendons surround’. __ ¢hronous activity of two coats. 


Il. Peristaltic Contractions. 


Peristaltic contractions may occur spontaneously in the (nervously) 
isolated small intestine, or if absent may be evoked by local stimulation. 
For this purpose a mechanical stimulus, such as a pinch, is more 


1 In one case, with very slight tension on the longitudinal enterograph, we observed 
apparent contractions of this coat alternating with those of the circular. The shape of 
the curve however showed that the active contraction was synchronous with the 
contraction of the circular coat, and that we were in fact merely recording the changes in 


the transverse diameter of the circular fibres. On increasing the tension in the 


longitudinal enterograph, the longitudinal fibres were put on the stretch and could record 
their contractions, which were now found to be synchronous with those of the circular 
coat. 
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effective than electrical stimulation, even when this latter is applied to 
the inner surface of the intestine by means of specially formed electrodes. 
Extremely powerful peristalsis may be excited by injecting strong 
solutions of sodium chloride into the lumen of the gut by means of a 

hypodermic syringe. The most certain and the best, because the most — 
physiological, method of exciting a peristaltic wave is to insert a bolus, 
which may be made of cotton wool-covered with vaseline, into the 
intestine. On isolating about a foot of intestine and inserting the 
bolus about one inch from the upper end, it will be seen that shortly | 


_ after putting in the bolus the contractions of the segment of intestine 


immediately above the bolus undergo increasing augmentation, until 
the intestine at this point enters into a strong tonic contraction. This 
presses the bolus onwards, and as the bolus moves the ring of 
constriction follows it up, until it has expelled the bolus through the 
lower opening of the coil. As the bolus passes down the intestine, 
it will be noticed that the whole part of the gut above the bolus is in a 
state of activity; waves of constriction passing down it as far as the 
constricted ring. In some cases, after the bolus has been expelled, 
a second slow peristaltic wave of contraction may pass from one end 


of the coil to the other, as if to expel any detached portions of the 


bolus that may be left behind. This progression occurs only in one 
direction, from above downwards. This rvffe is so invariable that one 
may determine which is the upper end of an isolated two inches of gut, 
by seeing in which direction a bolus is expelled. If the bolus be 
inserted from below and pushed up the gut, it will be returned by the 
way it has entered. If however the intestine is in good condition, this 
latter experiment becomes impossible. As we attempt to push up the 
lump of cotton-wool, the intestinal wall contracts strongly above it and 
resists the upward passage of the bolus to such an extent that we 
may tear the intestinal wall before we can push the bolus any further. 

The conditions in the intestine which determine the movement of a 
bolus from above downwards will be better seen if we record the 
contractions of the longitudinal and transverse coats at a point about 
the middle of a coil of intestine, through which a peristaltic wave of 
contraction is excited by the insertion of a bolus. 

In the experiment from which the curves Fig. 5 were obtained, two 
enterographs were placed at right angles to one another at a point 
130 cm. from the pylorus. The position of the levers is shown in 
Fig. 5a, a and b being the levers of the longitudinal enterograph 
(a being the moveable lever), c and d the levers of the enterograph 
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recording the contractions of the circular muscle. At the beginning of 
the observation the intestinal wall was: contracting rhythmically, the 


Fig. 5. Passage of a bolus down the intestine, as recorded by two enterographs 
at right angles. Longitudinal (ZL) and circular (C) coats. 


c 


Upper Lower 


d 
Fig. 5a. 


contractions affecting both coats, and being synchronous in both. At 
A a bolus made of cotton-wool coated with vaseline was inserted by an 
opening into the intestine 44 inches above the enterographs. It will 
be seen that the contractions of the circular coat cease instantly, and 
this inhibition is accompanied by a gradually increasing relaxation. 
There is some relaxation of the longitudinal coat, but the rhythmic 
contractions do not altogether cease. On inspecting the intestine it 
was seen that the introduction of the bolus caused the appearance of 
a strong constriction above it. This constriction passed downwards, 
driving the bolus in front of it. The numbers above the tracing of the 
circular fibres indicate the distance of the bolus in inches from the 
uppermost enterograph lever. At B the bolus had arrived at the upper 


longitudinal lever and at C had passed this and was directly under the 


transverse enterograph, or a little below it. At this point a strong tonic 
contraction of both coats occurs, expelling the bolus beyond the levers. 
This strong contraction passes off to be succeeded by another, which 
like the first is moving down the intestine. In this second tonic wave 
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the rhythmic contractions are evident, superposed on the curve. After 
the passage of the bolus there is shortening of the gut (increased tone 
of longitudinal fibres). 

In Figs. 6 and 7 we have tracings of the circular and longitudinal 
coats taken separately. In each case the approach of the bolus to the 
recorded point is signalised by inhibition in both coats, more marked in 


Fig. 6. Passage of bolus. Contractions of circular coat (enterograph). 


the circular. Then as the bolus comes up to the levers there is a strong 

tonic contraction which pushes the bolus down past the levers, and on 
its decline is attended by rhythmic contractions in each coat. 

If this experiment be repeated a number of times on the same piece 

of gut, the peristaltic mechanism becomes fatigued. This is shown by 

— the fact that although a ring of constriction appears above the bolus, it 

is not maintained, but represents simply an exaggeration of the normal 


Fig. 7. Passage of bolus. Contractions of longitudinal coat (enterograph). 


rhythmic contractions. To the eye the most evident fact is the absence 
or slowness of progression of the bolus. On a tracing of the contractions 
of the intestinal wall below the bolus, the most striking difference from 
the tracings already described is the absence of inhibition below the 
bolus. From the constricted ring above the bolus, waves of contraction 
pass down the intestine, over the bolus, and are recorded at some point 
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below. In such cases the onward movement of the bolus may be 
assisted by pinching it gently between the fingers. The extra stimulus’ 
applied to the wall of the gut reinforces the impulses started by the 
bolus itself, so strengthening the contraction above, and causing inhibition 
below. A tracing of the circular coat from an intestine in which this 
condition was present (though not pronounced) is given in Fig. 8. The 


Fig. 8. Passage of bulus through fatigued intestine. Circular coat. Enterograph. At 4 
bolus inserted 1 inch above enterograph. At B bolus immediately under enterograph, 
and at C bolus expelled from lower end of intestinal loop, 1 inch below recorder. At 
X, X intestine pinched outside bolus (both splanchnics cut). 


bolus was here inserted only one inch above the recorder. It will be 
seen that the inhibition at first produced passes off before the bolus 
reaches the recorder. At the two points marked with a cross X the 
bolus was gently pinched, and in each case there was a transitory 
inhibition of the contractions below. The passage past the recorder 
instead of being effected by a single prolonged tonic contraction, is 
carried out simply by a series of strong rhythmic contractions, accom- 
panied with very slight: increase of tone. | 

We have already mentioned that it is often impossible to insert a 
bolus from below upwards. In an intestine which is tired, or inactive, 
this however is possible. In the experiment from which the tracing 
(Fig. 9) was taken, a bolus was 
pushed up the intestine, till it lay 
immediately between the recording 
levers of the enterographs. Here 
it will be seen that there was no 
trace of inhibition. The rhythmic 
contractions of both coats are im- 
mediately augmented, and the con- the 
tractions increase in force, in two oat (Enterograph tracing circular 
groups of beats, until the bolus is : 
expelled from the lower end of the loop of gut, about two inches below 
the enterographs. 3 
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From a study of these results we must conclude that the mechanism 
of a peristaltic wave of contraction which drives food or a bolus along 
the intestine is quite different from, and much more complicated than, 
that of the rhythmic pendular movements described above. For the 
onward progress of the bolus two factors are equally necessary, namely — 
a condition of excitation and increased contraction above the bolus, and 
a condition of inhibition and relaxation of the intestine below. If 
either of these factors are absent the onward movement of the bolus 
becomes impossible. Since the whole act is evoked by the presence of 
the bolus within the gut, we must say that the irritation of the mucous 
membrane and the stretching of the walls of: the gut at any point set 
up impulses which are transmitted both up and down the intestine, and 
cause excitation above, inhibition below. One can indeed state this 
conclusion more generally, namely that, if cerebro-spinal reflexes be 
excluded, excitation at any point of the gut excites contraction above, 
inhibition below. This is the law of the intestine. 

We can show this double effect of local excitation very well by 
recording the contractions of the muscular wall at any point by means 
of a balloon connected with a piston recorder, and then stimulating the 
intestine above or below the balloon by gently pinching it between the 
fingers. 

A tracing obtained in this manner is shown in Fig. 10. At the 
beginning of the observation the intestine was contracting perfectly 


Fig. 10. Intestinal contractions (balloon method). In this dog all the abdominal 
ganglia had been excised, and both vagi cut. Showing propagated effects of 
mechanical stimulation above and below the balloon. (1) pinch above, (2) pinch 
below, (3) pinch below. : 


rhythmically. Towards the end of the third beat the intestine was 
pinched gently, one inch above the balloon. At once the rhythmic 
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contractions ceased, and the intestinal wall relaxed considerably. This 
complete inhibition lasted for 84 seconds. While the intestine was 
still perfectly quiescent, it was pinched gently half an inch below the 
balloon. For six seconds nothing happened ; then the intestine suddenly 
recovered in tone, and this recovery was followed by a series of strong 
rhythmic contractions, accompanied by increased diastolic tone. The 
contractions were strong enough to completely compress the balloon. 
When the effect of this pinch had subsided, the intestine was again 
pinched one inch below the balloon. This was followed by a second 
augmentation of contractions, less marked however than on the previous 
occasion. 

The same effects will be observed whatever method one may choose 
to record the intestinal movements, though the effects both of inhi- 
bition and excitation are more marked on the circular than on the © 
longitudinal coat. The results of local stimulation on the contractions 


of the circular coat as recorded by the enterograph are shown in 
Fig. 11. 


Fig. 11. Intestinal contractions, circular coat, recorded by enterograph. Showing 
propagated effects of mechanical stimulation of intestine (both splanchnics and 
vagi cut). Pinch just above=A; pinch 1 inch below=B; pinch } in. below=B’; 
pinch in. above= 4’. 


These two effects do not run absolutely parallel to one another, in 
that in some experiments the inhibitory effects from above, in others 
the augmentor effects from below may be better marked. As a rule, 
however, when one reaction is prompt, the other reaction will likewise 
be well marked. There are however marked differences between the 
two kinds of reaction in their time-relations and extension along the 


- intestine. We may therefore deal with each kind separately. 

(a) Motor effect. As we have already mentioned, the excitatory 
effect of a local mechanical stimulation is first apparent at a point 
about lcm. above the point of stimulation. From here it gradually 
spreads up the intestine, and this spreading may have the appearance 
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of a short antiperistaltic wave. But if the excitation is pronounced, 
the rhythmic variations of activity in the region above the stimulus 
pass as waves from above downwards, The excitatory effect is therefore 
best marked close above the stimulated point, and rapidly diminishes 
in strength as it spreads up the intestine. In most cases although a 
pinch at 1 or even 2°5 cm. below the balloon causes augmentation of the 
excursions, a pinch 5 cm. below the balloon is ineffective. In very 
irritable intestines, however, a well-marked effect may be produced by 
pinching 6 cm. below the balloon, and we have on one occasion observed 
distinct augmentation of the contractions of the first part of the 
duodenum as a result of pinching the intestine 30 or 40 centimeters 
below. This latter effect may however have been a mere coincidence, 
since on no other occasion have we found the excitatory effects spread 
to nearly so great an extent. 


A B B A’ 

Fig. 12. Contractions of small intestine (balloon method), showing well-marked propa- 
gated effects of local stimulation above and below the balloon. A, pinch 15 cm. above. 
B, 15cm. below. B’, 6cm. below. A’, 5cem. above. 


Another feature of this upward excitation is the varying and often | 
long latent period which elapses between the application of the stimulus 
and the motor response. On pinching the intestine one inch below the 
recorded point, the augmentation of contractions may come on at any 
time between 3 and 30 seconds after the application of the stimulus, 
The excitation seems to spread from point to point of the intestine, and 
thus the effect comes on later, the greater the distance between the 
point where the'stimulus is applied and that at which the muscular 
contractions are being recorded. 

(b) Inhibitory effect. The inhibitory effect below the stimulated 
point differs from the excitatory effect just described in the rapidity of 
its production and propagation and the distance along which it extends 
down the intestine. A certain excitatory effect can often only be 
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- produced by pinching from 4 to 1 inch below the recorded point. For 
the production of inhibition it seems to be a matter of indifference 
whether we excite one inch or four inches above the balloon, and the 
inhibitory influence of local excitation can often be traced two or three 
feet down the intestine. To the eye, the production of inhibition is 
apparently instantaneous, a pinch applied towards the end of one 
contraction inhibiting the next one. In one case, where the intestine 
was not beating, stimulation at a point 30cm. above the recorded spot 
caused a simple relaxation of tone of the intestine at this spot. Here 
then it was easy to measure the rate of propagation of the inhibitory 
influence, which we found to amount to 10 cm. per second. This, 
however, can only be a minimal figure, since it depends on the 
assumption that the inhibiting stimulus—a pinch—was effective at 
the beginning of its application. 

The wide extent of these inhibitory influences. may serve to explain 
many of the conflicting results obtained by different observers in their 
experiments on the intestinal movements and their innervation. We 
have on more than one occasion noticed that irregularities of con- 
traction and response to stimuli of a loop of ileum were apparently due 
to a distension of the duodenum with gas, and were got rid of by 
opening the duodenum and so relieving the distension. A sudden 
cessation of the rhythmic contractions of a loop of intestine may often 
be seen to be due to a peristaltic wave of contraction which is slowly 
advancing along the upper portions of the gut. For the same reason 
it is advisable where possible to avoid methods of registering the 
intestinal movements which involve the complete ligature of the gut 
at one or more places. These two conditions, excitation above and 
inhibition below, we regard as the normal reaction of the isolated 
intestine to a local stimulus. In many cases, however, our results have 
not been quite so clear. Although stimulation above the balloon 
produced iuhibition, stimulation below produced also inhibition or 
preliminary inhibition followed by contraction. We cannot therefore 
absolutely exclude the possibility that inhibitory impulses may ascend 
as well as descend the intestine. We should be inclined to ascribe the 
irregular occurrence of ascending inhibition to a true spinal reflex 
carried out through small splanchnic fibres, which have not been 
divided with the great splanchnics, were it not that in one of the four 
cases when we believed we had extirpated the abdominal ganglia, we 
obtained this ascending inhibition several times at the beginning of 
the experiment. The ascending inhibition is never produced as a 
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result of stimulation by a bolus. We shall see later, that a general 
inhibition of the intestines can be produced reflexly through the 


_ Fig. 18. Contractions of circular coat (enterograph), to show the abnormal ascending 
inhibition (both splanchnics cut). 
A=gentle pinch 1 inch below enterograph. B=hard pinch 1 inch below. 
C=hard pinch 4 inches above, D=hard pinch 4 inches below. 


-splanchnics by stimulation of the intestines and probably of any sensory 
surface. | 
It is evidently impossible to explain this complicated reaction of the 
isolated gut to local stimulation on any hypothesis which does not take 
into account the occurrence of a complicated system of nerve-fibres and 
ganglion-cells in the wall of the intestine. We cannot imagine any 
muscle-fibre or collection of muscle-fibres which would relax on one 
side and contract on the other side of an excited point. Nothnagel! 
showed that the application of a crystal of a sodium salt to the wall of 
the gut in cats and rabbits produced a ring of constriction about 1 em. 
higher up, whereas with potassium salts the constricted ring was at the 
point of application. He concluded that potassium salts excite the 
muscle-fibres directly, while the action of sodium salts is chiefly on 
Auerbach’s plexus. Apart from this observation, although many 
physiologists have invoked the aid of Auerbach’s plexus to explain 
the propagation of the peristaltic wave, no proof:has been furnished 
_ against Engelmann’s contention that the whole process has its origin 
in and is carried out through the muscle-fibres. The tendency of 
physiologists during the last 30 years has been to deny to peripheral 
- ganglia or collections of ganglia any reflex functions at all comparable 
to those possessed by the brain and spinal cord—functions, that is to 
say, which include coordination as well as mere reflexion of impulses. 
The facts we have brought forward however show beyond doubt that 


1 Physiologie u. Pathologie des Darms. Berlin, 1884. 
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the local nervous structures in the gut have.this power of coordination, 
of directing one kind of influence along one path, and another kind of 
influence along another path, the result being a ‘ purposive’ response 
directed to the propulsion of the food down along the alimentary canal. 
_Auerbach’s plexus is in fact a local nervous system with two reflexes, 
inhibition and augmentation, and one function, propulsion of food. 
The different time-relations of the two reflexes would lead one to guess 
that the system is composed of long paths which conduct inhibitory 

impulses downwards, and short paths which carry augmentor im- 
_ pulses from one cell-station to another in an upward direction. A 
histological testing of this hypothesis presents however considerable 
difficulties, 

It becomes now important to inquire how the motor functions of 

the intestine will be modified if we abolish or paralyse the action of its 
local nervous system. A temporary paralysis of this system lasting 
from 10 to 40 minutes or more may be produced in various ways. One 
method we have adopted is to paint the surface of an exposed coil of 
intestine with a 24°/, solution of cocaine in normal saline. The same 
effect can be produced by the injection of nicotine (2 to 3 cc. ofa 1°/, 
solution in a dog of 7 kilos.) or by the injection of large doses of 
muscarin (3 ¢.c. of a 0°1°/, solution). An intestine, the nervous system 
of which has been paralysed by one of these methods, at first sight 
presents very little ditference from the normal. It appears, if anything, 
rather more active. The rhythmic contractions, which before may 
have been irregular, now become perfectly regular and often more 
powerful. They run as waves of constriction over the gut, but the 
waves pass as often in one direction as in the other. The following 


table represents a series of observations of rates of propagation of such 
waves, 


- 


Length of Time of 

intestine propagation per sec. 
(1) ascending wave 8 cm. ' 3°5 secs. 2°3 om. 
(3) descending wave $°25.,, 


It will be seen that the rate is somewhat slower than that of the 
similar waves in the normal intestine. 

In the paralysed gut it is impossible however by stimulating above 
or below the recorded spot to cause any alteration at all either of 
inhibition or augmentation in the strength of the contractions. A 
slight pinch has no effect on the intestine. A very strong pinch causes 
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a band of constriction in consequence of the direct stimulation of the 
muscle-fibres. This constriction passes off gradually without being 


propagated in either direction. A bolus may be placed anywhere 


within such an intestine without causing any change. The bolus 


remains in the spot where it was inserted. 

These results show that we were justified in our distinction of two 
kinds of movements in the intestines. In the first place, we have the 
rhythmic pendular movements produced by simultaneous contractions 
of circular and longitudinal coats, and entirely myogenic in origin. 
They are propagated from muscle-fibre to muscle-fibre, and travel in 
either direction along the intestine at a rate of 2 to 3 em. a second. 
The preponderance of the descending contractions in the normal animal 
may be due to the higher excitability of the fibres at the duodenal end 
of the gut, and to the constant presence of ascending augmentor 
stimuli. They are independent of the intestinal nervous system for 
their production or propagation, although they can be altered in the 
direction of inhibition or augmentation through the intermediation of 
this system. | 

The peristaltic contraction, on the other hand, is a true coordinated 
reflex excited by the distension of the gut at some point, or perhaps, 
when once established, by the advancing line of constriction itself. It 
is attended by and dependent on the simultaneous presence of two 
opposed conditions—excitation above and inhibition below the excited 
spot. It is possible that the slow progress of the wave may be due to 
the struggle between these two conditions in the region of the excited 
spot. 

Every point then of the intestine is in a state of activity which can 
be played upon and modified by impulses arriving at it from all 
portions of the gut above and below, and its activity at any given time 


will be a resultant of these three factors, two of which are — to 
one another. 


STIMULATION OF THE INTESTINE.’ 


The most effective method of stimulating the intestine is the 
mechanical method, the best of all being the physiological one of 
distension of the gut by means of a bolus. Chemical stimulation is not 
so convenient because not so easily localised. Injection of a few drops 
of concentrated NaCl solution into the lumen of the gut evokes 
extremely powerful peristaltic contractions, as was pointed out by 
Nothnagel. We have not however been able to obtain on the dog’s 
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intestine the results recorded by this observer with regard to the action 
of sodium and potassium salts, both salts causing in this animal a local 
patch of contraction. 


Electrical excitation by means of induced currents generally pro- 


duces a ring of constriction limited to the segment of the intestine 
excited. This contraction comes on slowly after the application of the 
stimulus, and may last 20 or 30 seconds. Now and then we may 

observe propagated effects up and down the intestines, as with 
- mechanical stimulation, and the ring of contraction which is brought 
about may move slowly down the intestine as a peristaltic wave. 
Application of induced currents to the inner surface of the intestine is 
equally unsatisfactory, the propagated (reflex) effects being masked by 
the spread of current and consequent direct excitation of the muscle- 
fibres themselves. 


Fig. 14. Tracing of contractions of longitudinal (upper curve, L) and circular coats 
(lowest curve, C) to show effects of constant current. 

The letters K (kathode) and A (anode) represent the sign of the electrode in contact with 
the gut. The passage of the current is shown by the second line. During the 
second excitation the current was reversed four times (as shown by arrows). 

Intestinal contractions recorded by two enterographs placed at right angles to one 
another. One non-polarisable electrode in contact with intestinal wall between 
enterograph levers, the other electrode dipping in warm saline bath. 

Between $, and 4, current (8 Leclanché cells) closed so that intestinal electrode was 
kathode. 

Between }, and }, current closed, and reversed repeatedly. The letters A and K 
represent the condition of the intestinal electrode. 
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Biedermann and Simchowitz' stated that when a constant 
current was applied to the intestines there was at make of the current 
a contraction of the longitudinal muscle at the kathode and of the 


circular muscle at the anode. During the passage of the current the — 


contracted ring at the anode was the source of origin of peristaltic 
contractions, At the break of the current the reverse effects took 
place, viz., contraction of the longitudinal muscles at the anode, and of 
the circular at the kathode. In one experiment which we made on 
this point we obtained results very similar to those recorded by 
Biedermann. 

Although there was a contraction of both sets of muscles on closure 
at the anode, this was more marked in the circular than in the 
longitudinal, whereas the reverse was the case at the kathode. We 
have not attempted to investigate this question any further, since it is 
better attacked in invertebrata than under the complicated conditions 


necessary for experimenting on the intestines of warm-blooded animals. 


In FLUENCE OF VASCULAR CONDITIONS ON THE INTESTINAL 
MOVEMENTS, 


_ There has been very considerable divergence of opinion as to the 
influence of ischemia or asphyxia on the intestinal movements. 
According to Schiff’, local anzemia induced by obstruction of the aorta 
evokes or strengthens intestinal contractions. Nasse*, and Mayer 
and von Basch‘ state that obstruction of the aorta arrests the move- 
ments for a time, but that they return afterwards with increased vigour. 
Most observers (Betz®, van Braam Houckgeest*, Mall’), however, 
agree that anemia inhibits all the movements of the intestine—a view 
which we can confirm, If the rhythmical contractions of the small 
intestine be recorded by the insertion of a small balloon, communicating 
with a piston recorder, obstruction of the aorta in the chest causes an 
almost immediate cessation of the movements, which lasts as long as 
the obstruction is continued (up to 15 minutes). During this time the 


 Pfliiger’s Archiv, xuv. 8. 369. See also Fiirst, Ibid. xuvr. 8. 367. 
2 Lehrb. d. Physiol. p. 105, 1858. 

3 Phys. d. Darmbewegungen. Leipzig. 1866. 

4 Wien. Sitzungsber. tx. p. 811. 1870. 

Zeitschr. f. rat. Med. R. 1. 1. 

6 Pfliiger’s Archiv, v1. 8. 292. 1872, and vin. 8. 163. 1874. 

7 John Hopkins Hospital Reports, 1. p. 37. 1896. 
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lever sinks slowly, 1.e. there is a gradual diminution of intestinal tonus. 
If now the obstruction be relieved, the intestines contract immediately 


Fig. 15. | Effect of aortic obstruction. (Balloon in intestine returned 
to abdominal cavity.) 


once or twice, then pause and then recommence their rhythmic move- 
ments, the contractions increasing in force for a couple of minutes. 
This recommencement is associated with a considerable diminution 
in the diastolic volume of the intestine, i.e. increased tonus. 

It is probable that the discrepant statements on this subject depend 
firstly on the frequent occurrence of anemia and local asphyxia, and 
secondly on the varying behaviour of different animals. It is a familiar 
experience to everyone that on opening the abdomen of a recently 


killed rabbit, the intestines will be found in a state of active movement. 
hy the case of the rabbit the excitatory effect of the circulation of 
venous blood through the intestines has been frequently pointed out 


(Engelmann’, von Basch, etc.). In the dog the influence of venous 
blood is not nearly so marked, and indeed tends to check the move- 
ments rather than to augment them. If a dog be killed by any means 
and the abdomen then opened, the intestines will probably be found 
to be absolutely quiescent, or any slight contractions which may be 
present speedily die away. In the dog this cessation of intestinal 
movements is brought about, whatever means we may adopt of 


1 Pfliiger’s Archiv, u. p. 243. 1869, and 1v. p, 83. 1871. 
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producing the local anemia. Thus the result is the same, so far 
as the intestines are concerned, whether we stop the circulation 
through them by obstruction of the aorta, by stimulation of the 
vagus, by bleeding, or by cutting into the heart. Only in the case 
of the first part of the duodenum have we observed the special motor 
effect of the vagus accompanying the cardiac inhibition. Any drugs 
which cause a fall of blood-pressure tend to diminish in the same 
degree the intestinal movements, which again recover as the blood- 
pressure approaches normal.. The exaggeration of the contractions 
observed in letting the blood into the intestines after a prolonged 
anzmia seems to be due to the great vascular dilatation and consequent 
increased blood-flow in the intestines, which results from the previous 
obstruction, 


THE EXTRINSIC INNERVATION OF THE SMALL INTESTINE. 


A short account by Miss Naylor of the nerve supply to the small 
intestine in the dog is given at the end of this paper. From that de- 
scription it will be seen that the small intestine receives fibres from two 
sources, from the right vagus in the thorax, and therefore possibly from 
both vagi in the neck, and from the spinal cord through the sympathetic 
system. Since the greater part of the fibres of the latter class run in 
the large splanchnic nerves, we shall speak of them collectively as the 
splanchnics, especially as most of our experiments on the effects of 
their section or excitation have been confined to those two main 
trunks, 


The influence of the splanchnic nerves. 


Historical. Pfliiger was the first to show that stimulation of these 
nerves inhibited the intestinal movements. This observation has been 
confirmed by almost every subsequent worker, though there has been 
considerable discussion as to the exact mode in which the inhibitory 
action is brought about. S. Mayer and von Basch’ ascribed the 
inhibitory action of the splanchnics to their vaso-constrictor influence 
on the intestines. According to van Braam Houckgeest’ this view is 
negatived by the following experiment. The intestines of a rabbit are 


1 Ueb. d. Hemmu ng ystem f. d. peristalt. Beweg. d. Diirme. Berlin, 1857. 


2 Loc. cit. 3 Loc. cit. 
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exposed to the air until they become reddened by vaso-motor paralysis. 
Stimulation of the splanchnics now has no effect on the blood vessels, 
although the movements of the intestines are inhibited as in a normal 
animal. Jacobi’ states that the intestinal inhibitory fibres of the 
splanchnics take a different course from the vaso-motor fibres, and 
that section of the nerves running from the suprarenals to the solar 
plexus annuls the inhibitory action of the splanchnics without inter- 
fering with their vaso-constrictor effect. 

Besides these inhibitory results, various physiclogists have recorded 
a motor effect on stimulating the splanchnics (Schiff*, Ludwig and 
Kupfer’, Bechterew and Mislawsky‘, Bunch’). The last-named 
observer has given graphic records of intestinal movements in which 
stimulation of the splanchnics caused in some animals augmentation, in 
others inhibition of intestinal tone, and in some cases preliminary 
augmentation. He concludes that nerve-fibres of opposed functions 
run in the splanchnics, and that the result obtained is due to the 
preponderating influence of one or other kind in the particular animal 
employed. 


According to Ehrmann’, the intestines conform to v. Basch’s idea | 


of crossed innervation, the splanchnics being motor for the longitudinal 


and inhibitory. for the circular coat. Courtade and Guyon’ on the | 


other hand state that in an animal under normal conditions the 
splanchnics produce contraction of the circular and inhibition of the 
longitudinal coat ; though they have obtained Ehrmann’s results when 
the intestines were in an abnormal state. They conclude therefore 
that the splanchnics contain motor and inhibitory fibres for both layers 
of muscle. 

Bechterew and Mislawsky and Bunch have investigated the 
spinal nerve-roots which contribute fibres through the sympathetic 
to the intestines. According to Bunch, nerve-fibres pass to the 
splanchnics from the anterior roots of the 6th thoracic to the 2nd 
3rd, 4th or 5th lumbar nerves, and have one cell-station on their course, 
in the ganglia of the solar plexus. 


1 Archiv f. exp. Path. u. Pharm. xxix. p. 171. 1892. 

2 Moleschott’s Untersuch. z. Naturlehre, v1. p. 201. 1860. 
3 Zeitschr. f. rat. Med, m. R. u. p. 357. 1857. 

* Du Bois’ Archiv, Suppl. p. 243. 1889. 

5 This Journal, xxm. p. 357. 1898. 

6 Wien. med. Jahresb, 1885. 

7 Archives de Physiol. 1897. 
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In the preceding sections we have only described the appearance of 

the intestines after section of both splanchnic nerves or destruction of 
the spinal cord or abdominal ganglia. Quite a different state of things 
is found in a dog in whom these nerves are intact. On opening the 
abdomen in the warm saline bath, the intestines are seen to be 
collapsed and absolutely motionless. Local irritation, electrical or 
mechanical, either provokes no response at all, or if strong enough 
causes a local contraction limited to the stimulated spot. On inserting 
a rubber. capsule distended with air under pressure and connected with 
a piston recorder, the lever of the recorder often remains permanently 
motionless. If contractions are present they are slight in extent and 
irregular in rhythm. Stimulation either above or below the capsule 
produces merely inhibition. 

If both splanchnic nerves be now divided, there is no immediate 
change, but in the course of } to 4 hour the intestines gradually become 
more active; the previously motionless intestine commences to beat 
rhythmically, and any contractions which were previously present 
become stronger and more regular. The intestine at the same time 
_ becomes somewhat redder than before, owing to the vascular dilatation — 
produced by section of the splanchnics. ; 

These facts suggest that in the intact avimal, at any rate under the 
conditions uf our experiment, tonic or reflex influences are continually 
descending the splanchnic nerves, inhibiting the activity of the intes- 
tines. This conclusion is strengthened by the result of stimulating 


Fig. 16. Excitation of both splanchnic nerves. Balloon method. 
Intestine returned to abdomen. 


these nerves. On exciting the peripheral end of the cut splanchnic 
immediately below the diaphragm, the intestinal contractions being 
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recorded bythe balloon method, there is at once a complete cessation 
of the contractions accompanied often by a diminution of the diastolic 
tone of the intestinal wall. This inhibition may outlast a short 
stimulation of the splanchnic. If the stimulation be however prolonged, 
the intestines after a time ‘escape,’ and recommence their contractions. 
The inhibitory effect generally becomes less with each succeeding 
stimulation, pointing to a tiring of the inhibitory fibres (Fig. 17). 
This inhibition is of course accompanied by a large rise of blood- 
pressure, caused by a constriction of, amongst others, the intestinal 
vessels, as shown by the pallor of the intestines. The similarity 


Fig. 17. Prolonged excitation of right splanchnic nerve, coil 18, showing ‘escape.’ 
Intestines in warm saline bath. Balloon method. 


between the curve of intestinal inhibition produced by stimulation of 
the splanchnics, and that obtained by blocking of the aorta (vide Fig. 
15) at once suggests the possibility that the two conditions are pro- 
duced in the same way, and that the splanchnic inhibition is merely an 
indirect effect of the vascular constriction and consequent intestinal 
ischemia, which is the result of stimulating the splanchnics. The 
experiments of van Braam Houckgeest cannot, in the absence of 
plethysmographic evidence, be regarded as a direct proof to the con- 
trary. We believe however that the conclusions of this observer were 
correct, and that the inhibitory effect of stimulating the splanchnics 
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is quite independent of the vascular effect. Thus there is absence 
of parallelism between the two phenomena. In some cases the rise of 
blood-pressure may be well-marked, with very little inhibition of the 
intestines, while in other cases we may observe prolonged inhibition 
with only slight alteration of blood-pressure. If the peripheral end of 
the divided splanchnic on one side be stimulated repeatedly with 


_ induced currents, the changes in the blood-pressure curve are remark- 


ably constant with each stimulation. The inhibition of the intestinal 
movements is however best marked at the first stimulation, and becomes 
less and less marked with each succeeding one (Fig. 17). If the intestines 
are active, they may continue to contract for a few minutes after circulation 
has been abolished by cutting out the heart. Under these conditions, 
stimulation of the splanchnics 
still produces inhibition, al- 
though it can in no way alter the 
state of the circulation (Fig. 18). 
If the stimulation be continued 
for a considerable time, the in- 
testines begin to beat, and may 


resume their normal rhythm, Fig. 18. Intestinal contractions two minutes 
Lila th ; see after heart has been excised. Excitation of 
while the nerve 18 stl ing lanchnics (coil 12) still causes inhibition 


excited and the blood vessels although circulation has ceased. (Same 
a exp. as Fig. 17.) 

are strongly constricted. These 

inhibitory effects are produced simultaneously over the whole of the 
small intestine and follow almost immediately the commencement of 
excitation. The latent period is certainly not greater than two seconds, 
and is probably less. It can be observed as well in a few inches of gut 
ligatured at the two ends as in the uninjured intestine. 

The same inhibitory effect is produced by stimulating the filaments 
of the mesenteric nerves, which run in close connection along the 
branches of the mesenteric artery. 

We have also investigated the action of the splanchnic nerves on 
the two muscular coats of the intestine as recorded by means of the 
enterograph. In the case of the circular coat, the results and curves 
are exactly similar to those obtained by the introduction of a balloon. 
But with regard to the longitudinal muscles, our experiments lend no 
confirmation to the theory of crossed innervation, either in the form 
put forward by Ehrmann, or in that adopted by Courtade and Guyon. 
In every case stimulation of the splanchnics caused relaxation of both 
coats simultaneously. We would conclude then that the splanchnic 
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nerves are inhibitory for both longitudinal and circular muscles of the 
small intestine. 


Fig. 19. To show inhibitory effect of splanchnics on longitudinal coat. Enterograph 
tracing, L(e). Coil 11. Saline bath. Circular coat by balloon, C(b). Base line BP 
has been raised 6 cm. 


It will be observed that in the foregoing account we have made 
no mention of any motor effects of splanchnic stimulation, although 
such effects have been described by other observers. We have however 
on various occasions obtained apparent motor effects, which can be 
divided into two categories. 

1. In a number of cases the rapid fall of the lever caused by the 
primary inhibition at the beginning of the excitation is succeeded by a 
slow rise and then a fall, so that one might describe as a result of the 
stimulation, inhibition of the rhythmic movements accompanied by a 
slow tonic contraction. This result is illustrated in the curves Fig. 20. 
In these curves it will be noticed that the line traced by the intestinal 
lever is exactly parallel to the blood-pressure curve. Such tracings are 
more often obtained when the blood-pressure is very low at the com- 
mencement of the observation in consequence of relaxation of the 
arterioles. It seems to us most probable that this slow tonic change is 
really due directly to the contraction of the blood vessels, and not to 
any changes in the intestinal muscle-fibres proper. 
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lig. 20. T'wo balloons in gut, returned to abdominal cavity. To show ‘ pseudomotor 
effect of splanchnics. 

4A, Balloon in second part of duodenum. 

B, Balloon in small intestine 25cm. from third part of duodenum. The line above the 
time-tracing marks the zero of blood-pressure. 


Fig. 21. ‘Motor’ effect of splanchnic, due to visible contraction of abdominal muscles. 
(Intestines returned to abdomen, and abdominal wound closed.) Line of marker is 
zero of blood-pressure. } 
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2, The apparent motor effect just described may be obtained with 
the recorded loop of intestine inside the abdominal cavity or floating 
freely in the warm saline bath. In Figs, 21 and 22 we give curves 
obtained by stimulating the splanch- 
nics in which the motor effect is 
much more marked and comparable 
to that observed and recorded by 
Bunch, Both these curves were 
however obtained from animals in 
which the balloon was inserted in a 
loop of intestine which had been 
returned to the abdominal cavity. 
In the experiment from which Fig, 21 
was obtained, we could see that 
stimulation of the peripheral end of _ 
the splanchnic caused reflexly or by 
escape of current contractions of the of the figure is the zero) in consequence 

; of a large sudden injection of a mixture 
muscles of the abdominal wall. In of morphia and atropin. Intestines 
the dog from which Fig. 22 was Fie 
taken, we could detect no apparent 
cause for the rise of the intestinal lever, and we thought at first that 
we had here a genuine motor effect of splanchnic excitation. On 
repeating the experiments. however with the intestine outside the 
abdominal cavity, we have been absolutely unable to obtain a similar 
result, although we have tried the effect of varying conditions, of 
stimulation, narcosis, &c. We are therefore inclined to regard all such 
motor effects, in the dog at any rate, as due to accidental contractions 
of the skeletal muscles, and believe that in this animal the splanchnic 
is a purely inhibitory nerve for the intestinal muscle. 

The experiments of Jacobi and ourselves tend to show that the 
splanchnics are the bearers of tonic inhibitory impulses to the intestines. 
There is no doubt that under the conditions of our experiments these 
tonic impulses are reinforced by reflex inhibitory influences dependent 
on stimulation of sensory nerves, If one splanchnic be intact, inhibition 
of intestinal movements can be produced by stimulation of the central 
end of a sensory nerve, or of the central end of the other splanchnic. 
The most striking method of producing reflex inhibition is stimulation 
of the intestine itself. If one or both splanchnics be intact, the 
slightest stimulus applied to the intestine, even a gentle handling of 
the gut, suffices to produce a reflex inhibition of the whole length of 
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the intestine. If now both splanchnic nerves be divided and pe 
intestine again stimulated the inhibition will 
in most cases be limited to the parts of the = 
intestine below the stimulated spot. If 
however the splanchnics be intact, the in- 
hibition is as well marked in a loop of 
intestine, isolated by ligatures or section 
from the rest of the gut, as under normal 
conditions (Fig. 23). This shows that the 


Fig. 28. Reflex inhibition of 
effect is not propagated along the intestinal ein 


wall, but is a true reflex carried out through from rest of intestine. (One 


the mesenteric nerves. splanchnic nerve intact.) 


Every part of the intestine appears to receive fibres indiscriminately 
from the splanchnics of both sides. If a short loop of-gut be isolated 
and its contractions recorded in any way, no difference can be observed 
between the effects obtained on stimulating the splanchnics on either 
side. 


Acro OF THE VAGUS NERVES ON THE SMALL INTESTINE. 


Historical. A number of authors have described the vagus as 
the motor nerve of the intestines (Budge’, Ludwig and Kupfer, 
Engelmann, &c.). According to van Braam Houck geest, the vagus 
has no direct action on the intestines, the contractions being simply 
propagated from the stomach. Mayer states however that he has 
observed movements of the small and large intestine on stimulation of 
the vagus, even after ligature of the duodenum. There is no doubt 
that under certain conditions stimulation of the vagus has no apparent 
effect on the intestines. Bunch only observed an effect (inhibition) 
once out of a large number of experiments, and was therefore inclined 
to deny that the vagus possessed any motor functions*. Jacobi states 
that in the rabbit, after a few days’ starvation, stimulation of the vagus 
is without effect unless the splanchnics, or the fibres which run from 
the suprarenals to the solar plexus be divided, and hence regards these 
fibres and the vagi as mutually antagonistic. He states that in rabbits 
the intestinal: fibres are conveyed chiefly in one vagus, either right or 
left, while the other vagus sends fibres chiefly to the stomach. 


1 Wagner’s Handw. d, Physiol. 1. p. 422. 1846. 


2 This observer has since obtained motor effects on repeated stimulation. v, this 
Journal, xxiv. 1899. 
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These discordant results are probably due to a failure to take into 
account the various disturbing influences which may affect the intestines 
and their response to vagal stimulation. Among the conditions which 
may cooperate in preventing the motor effects of the vagus, considerable 
importance must be ascribed to anesthetics and narcotics, and the 
exposure and handling of the intestines with the circulatory changes 
thereby induced. More important than these factors are however the 
inhibitory influences to which, as we have seen, all parts of the 
intestine are subject—influences which are partly reflex in origin and 
are started by stimulation of any sentient surface or the intestine itself, 
and transmitted through the splanchnic nerves, and influences which, 
originating in the intestine itself, tend through the local nervous 
mechanism to inhibit the activity of all the lower segments of the gut. 
In investigating the action of the vagus, then, we must avoid, so far as 
possible, these disturbing factors by dividing both splanchnics, by 
maintaining a quiet anssthesia without excessive A.c.E. intoxication, 
and by dispensing so far as possible with any irritating lesion of 
the gut above the segment, the activity of which we wish to investigate. 

Division of the Vagt. In our experiments we have been unable to 
obtain any evidence of the existence of tonic influences passing to the 
intestines along the vagus nerves. In most cases section of one or both 
vagi is without result either immediate or remote on the intestinal 
movements. Jn one experiment in which the intestinal movements 
had been extremely active, we observed a cessation of the movements on 
dividing both vagi. This diminution in the activity of the gut lasted 
only two or three minutes, and one cannot from this isolated result 
deduce any tonic activity of the vagi. 

Stimulation of the Vagi. In all experiments on the influence of 
the vagus on the intestines it is well to adopt the precaution recom- 
mended by Jacobi, viz., the division of both splanchnic nerves, in order 
‘to remove the tonic inhibitory impulses which pass along these nerves 
to the intestines. Unless otherwise mentioned, this procedure was 
adopted in all the experiments described in this section. 

If the peripheral end of the divided vagus be stimulated in the 
neck, the anemia of the intestines caused by inhibition of the heart 
has its usual effect, viz. a temporary diminution or cessation of the 
intestinal contractions, There is however as a rule no change in 
the intestines which can be regarded as a direct consequence of the 
vagal stimulation. 


This cardiac inhibition may be prevented by intravenous injection 
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of 0-4c.c, of a 1°/, solution of atropin. If the cardio-inhibitory fibres 
be paralyzed in this way, and the peripheral end of either vagus be 
stimulated again, in nearly all cases no effect is produced. In our 
earlier experiments we were therefore inclined to agree with those 
authors who have denied the existence of intestino-motor fibres in the 
vagus, so far at any rate as the dog is concerned. If however the 
stimulation be repeated five or six times, an effect on the intestines 
begins to be apparent, and becomes more marked with each succeeding 
stimulation. The effect is twofold. The only change which is seen in 


Fig. 24. Fourth stimulation of right vagus in neck, after atropin. 


the first effective stimulation is a temporary inhibition of the intestinal 
contractions, causing a dropping of one or two beats. In the succeeding 
stimulations, this primary inhibitory effect is followed after a latent 


_ period varying from 10 seconds to 2 minutes by an augmentor effect ; 


the beats increase in amplitude and rhythm, and the relaxation between 
each beat is incomplete, so that there is a great increase of diastolic 
tone. In many cases the excitation is so pronounced that the lumen 
of the gut and the balloon are obliterated altogether by a strong tonic 
contraction. 

There seems to be no relationship between the extent of the 
inhibition and the amount of subsequent augmentation observed. In 


nearly all cases both effects are observed, one initial and the other 


secondary. But in many of our experiments there was evidence of an 
inhibitory influence lasting throughout the period of excitation. Owing 
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to the difference in the latencies of the two effects, the augmentation 
outlasts the stimulation by a length of time corresponding to its latent 


Fig. 25. (Same exp. as Fig. 24.) Ninth stimulation of right vagus. 


period. In such cases therefore a typical result of stimulating the 
vagus is: 

1. Inhibition (one or two beats). 

2. Gradual increase of beats to an extent somewhat above normal 
(summated effect of inhibitory and augmentor stimuli). _ 

3. After cessation of stimulus, an immediate and considerable 
augmentation of the individual beats (Fig. 25). 

The increase of intestinal tone which is caused by stimulating 
the vagus nerves is not due to an advancing peristaltic wave ; that is 
to say, the motor effect is not simply a propagated contraction 
originating in the stomach or duodenum. On inspecting the intestines 
it will be seen that the point of greatest activity is that which is 
already stimulated by the presence of the balloon; although there is 
evidently an increased motor activity of all parts of the small intestine. 


In no case have we obtained the augmentor effect of vagal stimu- 


lation on recording with a balloon placed in a small loop of intestine 
ligatured at both ends. In fact the mere application of a ligature 
round the small intestine some way above the recorded spot suffices 
in most cases to abolish the motor effect, although the primary inhibi- 


PH. XXIV. 10 


q 
a 
5 
3 
; ; 
t 3 
a 
og 
4 
ag ta 
a 
¥ 
“a 
¥ 
a 
¥ 
x 
| 
¥ 
\ 


132 W. M. BAYLISS AND E. H. STARLING. 


tion is still obtained on exciting the vagus. On this account we stated 
in our preliminary notice in the Proc. Physiological Society that the 
augmentor vagus fibres do not travel in the mesenteric nerves. Since 
then we have found that if the balloon be placed sufficiently low down 
in the intestine a ligature may be tied round the 2nd part of the 


duodenum, or even round the upper part of the small intestine just 


below the 3rd part of the duodenum without interfering with the motor 
effects of vagal stimulation. Moreover there is no difference between 
the periods at which the motor effect first appears in the different parts 
of the small intestine. If two balloons be inserted into the gut at some 
distance apart, the motor effect may appear simultaneously in both, or 
first in either the lower or the upper balloon. Miss Naylor has shown 
that one of the terminal branches of the vagi passes directly on to the 
superior mesenteric artery and is therefore distributed with the mesen- 


teric nerves to the various parts of the small intestine. This branch 


therefore represents a possible channel for the inhibitory and augmentor 
impulses which travel down the vagus trunks. | 
There is no doubt that the augmentor effects of vagal excitation are 
extremely susceptible to the influence of inhibitory stimuli. It is very 
difficult and in most cases impossible to evoke the augmentation unless 
the splanchnic nerves have been previously divided. On several oc- 
casions when recording with the balloon in the lower part of the ileum we 
have found that an absence of effect, even on repeated stimulation, was — 
associated with a distended condition of the duodenum or upper part 


_ of the small intestine. On relieving the distension by means of a small 


incision in the unattached border of the gut and then stimulating the 
vagus again, a motor effect was immediately produced. It seems 
probable therefore that the absence of the augmentor effect in a loop 
of intestine which has been ligatured above or at both ends, is due not 
so much to the cutting off of the normal nerve channels as to the 
continued inhibition excited by the upper ligature. We are inclined 
therefore to believe that the vagus as well as the splanchnic 1 aaa 


reach the gut by way of the mesenteric nerves. 


is direct, and not an effect propagated along the wall of the gut from 
the stomach or duodenum. No difference can be observed between the 
behaviour of the 2nd and 3rd parts of the duodenum and the rest of the 
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small intestine. The Ist part of the duodenum however seems to be 
more immediately and intimately under the control of the vagi. Here 
we may often obtain motor effects with the 1st or 2nd stimulation of 
_ these nerves, and the question arises whether the delay in the appear- 
ance of motor effects in the lower segments of the gut may not be 
determined by the active constriction of the Ist part of the duodenum 
and the consequent inhibitory impulses which descend the walls of the 
gut. We may here mention two effects which we have obtained from 
stimulating the vagi, while recording the contractions of the 1st part 
of the duodenum by means of a balloon connected with | a piston 
recorder. 

On two occasions, on seaians the peripheral end of the right 
vagus before the administration of atropin, the usual complete cardiac 
inhibition was produced, but instead of getting the temporary intestinal 
inhibition due to anwmia, as one does when recording the contractions 
of the lower part of the small intestine, we obtained a typical vagus 
tracing, viz., a dropping of two beats followed by a powerful augment- 
ation. A peristaltic wave was in fact set up which travelled a short 
distance along the duodenum. This result resembles closely that 
described by Engelmann as the normal effect of stimulating the 
peripheral end of the vagus in the rabbit. 

_ Another curious result is shown in the tracing (Fig. 26) obtained 
from one of the same animals after the injection of 04 cc. of 1°/, 


Fig. 26, Tracing of contractions of first part of duodenum (balloon method) showing 
inhibitory effect of vagus (coil 12) lasting during whole of period of stimulation, and 
followed by a very pronounced motor after-effect. 
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-atropin solution, and is an exaggerated example of the result which we 


have already described in the small intestine, viz., inhibition lasting — 
during the whole period of stimulation, followed by augmentation when 
the stimulus is discontinued. This condition was so marked in the 
animal from which Fig. 26 was obtained that the 2nd and 3rd 
stimulations of the vagus appeared to cause simply inhibition of a 


strong tonic contraction of the wall of the gut. Asa matter of fact of 


course, the after-effect of each stimulation was to maintain the 
contracted condition which had been inhibited during the period of 
stimulation. 

According to Jacobi, the intestino-motor effects of the vagus in 
the rabbit are limited to one side. In the dog we have found no such 
difference between the two vagi. As a rule when the typical inhibitory 
motor effect has been obtained by stimulating the vagus on one 
side, an identical effect may be obtained immediately afterwards on 
exciting the other vagus. Now and then one may find slight differences 
in the action of the vagi on the two sides, the inhibitory or motor | 
effects being more pronounced on one side or the other. This occasional 
difference suggests that these two effects are carried out by two differ- 
ent sets of fibres, and are not merely the initial and secondary effects 
of stimulating a single nerve. 


Can the effects of the vagus on the intestines be accounted for 
by any coincident vascular change ? 


This question naturally arose in seeking for some possible ex- 
planation of the twofold effect of stimulating the vagus. We thought 
especially that the very constant initial inhibition might be due to 
some vascular changes in the intestines excited by the stimulation of 
the vagus. In order to decide this point about 3 ft. of the small 
intestine was enclosed in the intestinal plethysmograph devised by 
Edmunds’, and kindly lent to us by Prof. Halliburton. At the 
same time a rubber-balloon was inserted into the upper part of the 
small intestine just below the duodenum, in order to record the con- 
tractions of the muscular coats. The results of stimulation of the 


-ooe Wagus on the intestinal contractions and volume are»shown in Fig. 27. 


It will be seen that there is no change in the volume which can be 


' ascribed to an active vaso-constriction or vaso-dilatation of the intestinal 


1 This Journal, xxu. p. 380. 1898, 
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arterioles. The small rise which occurs in the plethysmographic lever 
at the commencement of the excitation is synchronous with the 


Fig. 27. Simultaneous record of intestinal contractions, and intestinal volume, during 
stimulation of peripheral end of vagus in neck (atropin). Uppermost tracing, 
intestinal oncometer; next tracing, intestinal contractions. Line of marker is 3cm. 
above zero of BP. 


inhibitory relaxation of the muscular coats. Since the intestine was 
ligatured at both ends and contained a certain amount of air, any 
relaxation of the muscular coat would diminish the pressure on the 
contained air, and so allow of a slight increase in volume of the whole 
intestine. We must conclude therefore that the vagus does not 
produce any vascular constriction which would account for the initial 
inhibition, nor any vaso-dilatation which might cause the subsequent 
augmentation of contractions. The hypothesis that the inhibitory 
effect of the vagi is due simply to a spread of the excitation to 
splanchnic fibres, either by an electrotonic spread of the strong currents 
employed or by a pseudo-reflex through the cells of the semilunar 
ganglia, is negatived by the fact that the initial vagus inhibition is 
unaltered by repeated stimulation of the splanchnics until these latter 
are fatigued. If the splanchnics be stimulated several times in 
succession, their inhibitory effect on the intestines diminishes and 
finally almost disappears. On stimulating the vagus, however, the 
inhibitory effect is as well marked as before the splanchnic stimulation. 

Moreover one would imagine that the conditions for spread of 
excitation from vagus to splanchnics would be identical on both sides; 
whereas in several experiments we have observed an inhibitory effect 
predominating with excitation of one vagus, while excitation of the 
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other vagus produced chiefly or wholly an augmentation of contractions. 


_ These results confirm a conclusion arrived at earlier, viz., that the 


vagus contains two sets of nerve-fibres to the muscular coats of the gut, 
one of them inhibitory in function with a short latent period, and the 
other set motor or augmentor with a long latent period. 

These fibres act directly on the muscles or more probably on the 


nervous mechanisms throughout the whole length of the intestine. 


Their action is practically unaffected by atropin. We have obtained 
a well-marked vagus augmentation after the intravenous injection of 
30 mg. atropin, which is six times as much as the dose necessary to 
paralyse ‘the cardio-inhibitory fibres. They are not paralysed by a 
moderate dose of curare, sufficient to abolish voluntary movement, 
provided that the injection of this drug does not cause too great a fall 
of blood-pressure. All effects of the vagus on the intestines are 
completely, and, in our experiments, permanently abolished by minimal 
doses of nicotin, e.g. 0°3 c.c. of 1°/, solution. 

Action of vagus on longitudinal fibres. So far as the circular coat 
is concerned, the curves obtained on stimulating the peripheral ends of 
the vagi present the same features whether we record their contractions _ 
by the balloon method or by means of the enterograph. It is much 
more difficult to make certain of a similar effect of the vagus on the 
longitudinal fibres. The initial inhibition or relaxation is nearly always 


_ present though generally not so well marked as in the case of the 


circular fibres. In very few cases however have we observed a subse- 
quent augmentation of the longitudinal contractions, and where such 
has been present it has been only slight (Fig. 28). One might be 
tempted to ascribe this absence of result to the exposed situation of the 


7+ 28. Tracing of longitudinal and circular contractions of intestine 
to show effect of vagus. 
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thin longitudinal coat and its consequent slight. injury from handling 
or from inhibition of the normal saline fluid, were it not that in the 
same experiments the inhibitory effects of the splanchnic nerves were 
as well marked on the longitudinal coat as on the circular. 

Reflex vagus effects. With the exception of the one experiment 
mentioned at the beginning of this section, we have obtained no 
evidence of any tonic or reflex action of this nerve on the muscular 
coats of the intestine. Stimulation of the central end of the vagus with 
the other vagus and splanchnics intact caused simply an intestinal 
inhibition accompanying the ordinary pressor effect which is the 
normal result of’stimulating this nerve. On dividing both splanchnics 
leaving only one vagus intact, stimulation of the central end of the 
other vagus had no effect at all on the movements of the gut. 


ACTION OF DRUGS ON THE INTESTINE. 


Our experiments on this subject are somewhat fragmentary, since 
they were directed to the elucidation of the physiology of the intestinal 
wall rather than to the pharmacology of the drugs themselves. We 
will therefore mention shortly the main points we have observed with 
regard to the various drugs made use of in the experiments recorded in 
this paper. 

Morphia. This drug, which is so largely used in practice to 
diminish the activity of the intestines, would seem to have a somewhat 
different effect in the dog, since a well-known result of its injection 
into this animal is the production of vomiting and evacuation of feces, 
In the animals which were the subjects of one experiment and had 
received in all cases a moderate dose of morphia (6 to 12 centgrs.), the 
further injection of morphia had little or no effect on the intestinal 
movements, and the same conclusion is suggested by the conflicting 
statements of various authors as to the action of morphia on the dog’s 
intestine. The effects observed were in fact so slight that they might 
be regarded as due to accidental variations in the conditions of the 
experiment. 

Muscarin. According to Schmiedeberg, the injection of small . 
doses of muscarin evokes strong peristaltic contractions extending over — 
the whole of the gut due to stimulation of Auerbach’s plexus. If 
atropin be injected, these movements at once cease owing to paralysis 
of the local nervous mechanism. Subsequent injection of physostigmin 
causes localised rings of constriction in consequence of direct stimulation 
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of the muscular fibres. The picture drawn by Schmiedeberg of the 
action of muscarin we can confirm. Injection of 0°3 cc. of a 01 °/, 
solution causes a fall of blcod-pressure with slowing of the heart and 
a strong constriction of practically the whole of the intestine, which 


becomes quite pale, This excited condition passes off after a time, but 


may be reinduced by another similar dose of the drug. If however 
a dose of 1'2.cc. be given in the first instance, a second and third 
injection after the effects of the first have passed off has quite a 
different result. There is a slight rise of blood-pressure, and the 
intestinal contractions are apparently unaffected. With excessive 
doses, one may get an actual paralysis of Auerbach’s plexus, but the 
local reflexes of the intestine persist after the excitatory effect of the 
muscarin has disappeared. 

Atropin. The strong intestinal contraction produced by muscarin 
can be at once abolished by the injection of atropin. This however 
seems to be due rather to physiological antagonism between the two 
drugs than to a paralysis of any local nervous mechanisms, ‘as was 
imagined by Schmiedeberg, since, as we have already mentioned, 
the local reflexes as well as the action of the splanchnics and the vagi 
on the intestines can be obtained after the administration of as much 
as 30 mg. atropin. We have not observed any very definite effect of 


this drug on the power or rhythm of the intestinal muscle. 


Physostigmin. Injection of 25 mg. physostigmin, after the previous 
administration of muscarin and atropin, produced in the dog a slight 
transitory rise of blood-pressure but had no influence of any kind on 
the intestines. 

Cocaine. This drug when directly applied to the intestine paralyses 
the local nervous mechanism, and so abolishes the local reflexes and the 
power of the intestine to move along a bolus. The intestinal contrac- 
tions are increased, probably from a direct influence of the drug on the 
unstriated muscle fibres. There is at the same time a great and 
persistent rise of blood-pressure due to the absorption of the cocaine by 
the blood vessels of the gut. The paralysing effect is transitory and 
passes off within 20—30 minutes after the coil of intestine has been 
returned to the warm saline bath. 

Nicotin. If 0°3c.c. of 1°/, solution nicotin be injected into the jugular 
vein, after section of both splanchnics and vagi, there is the well-known 
enormous rise of blood-pressure accompanied by a complete inhibition 


_ of the rhythmic intestinal contractions. . As the blood-pressure falls, the 


contractions recommence, only to cease again when another injection of 
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1:2c.c, is given. With succeeding large doses of nicotin, the rise of blood- 
pressure at each injection becomes less, and the period of intestinal 
inhibition shorter, until finally the contractions are unaltered by another 
injection of nicotin. After giving 2 c.c. of 1°/, solution the contractions 
are somewhat increased in amplitude and extremely regular. As we 
have already mentioned however the local nervous mechanism is com- 
pletely paralysed. This paralysis lasts from 20—30 minutes. At the end 
of this time feeble local reflexes of augmentation and inhibition may 
be obtained as well as the inhibitory effect of splanchnic stimulation. 
We have never. observed any return of the vagus effect even after the 
injection of only 0°3 c.c. of the above solution. The inhibition produced 
by the injection of nicotin is due to an intense stimulation of the 


Fig. 29. Intestinal contractions and volume. To show that the inhibition produced by 
nicotin is associated with hyperemia of the intestines, and is not therefore an effect 
of vascular constriction. From above downwards the tracings are: intestinal volume, 
intestinal contraction (balloon method), blood-pressure, marking showing period of 
injection. Time marking (6 secs.). 
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splanchnic fibres or of their last cell-stations, and not to the effect of 
the drug on the blood vessels. The intestinal inhibition persists for 
a considerable time during the condition of hypers#mia which follows 
primary contraction, though the hyper#mia would in itself tend to 
augment the intestinal movements. 


NoTE ON THE DISTRIBUTION OF THE VAGUS IN THE ABDOMEN. 


For the following description and drawing of the branches of the 
vagus in the dog we are indebted to Miss M. H. Naylor. The 
statements are based on the dissection of three dogs. 

The two vagi after leaving the inferior cervical ganglia—though the 
left. vagus arises above the corresponding ganglion—proceed backwards, 
crossing dorsal to the lung root, and reaching the cesophagus the right 
nerve takes its position on the dorsal, the left on the ventral surface of 
that viscus. A strong connecting branch between the two nerves 
passes obliquely behind the cesophagus on a level with the heart, 
besides the connection which takes place between them in the plexus 
gulee. 

In this manner, on the dorsal and ventral surfaces of the cesophagus, 
they pierce the diaphragm and enter the abdomen, where their courses 
are very different. 7 

Left vagus. Almost immediately after piercing the diaphragm this 
nerve divides into numerous branches which are distributed to the 
ventral surface and lesser curvature of the stomach, 

One considerable branch is given to the liver; running between the 
layers of the gastro-hepatic omentum it enters the transverse fissure of 
that organ. | 

The recurrent coronary branches to the oesophagus, described in 
human anatomy, are not always present. 

Right vagus. After entering the abdomen this nerve runs _back- 
wards on the dorsal wall of that cavity behind the peritoneum and 
joins the solar plexus, while bebind the stomach it gives several 
branches to the dorsal surface and great curvature of that organ, and a 
little way before it enters the plexus it sends two or three branches to 
the pancreas. 

Before entering the plexus it divides; one part separates into 
numerous branches, all of which join the left semilunar ganglion; the 
other part does not end in the ganglion but crosses it, though more 
or less attached to it, at the same time dividing into branches which 
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for the most part run on the branches of the anterior (= superior) 
mesenteric artery, where they form long meshed plexuses with offsets 
of the solar plexus, which proceed to the intestine. 


Fig. 30. DisTRipvTION OF THE VAGUS IN THE ABDOMEN (M. H. Naylor). 


RV, LV, right and left vagi. The right vagus runs behind the wsophagus (0c) 
and stomach (St), and in those places is represented by a discontinuous line. 
C.b, connecting branch between right and left vagi. P, pancreas. Dd, duodenum. 
F.D.J, flexura duodeno-jejunalis. J, I, J, intestine. JL, liver. XK, kidney. 
A, suprarenal capsule. R. G., L. G., right and left crura of diaphragm. 
L. Sy. Ch., left sympathetic chain. 12 D, 13 D, twelfth and thirteenth dorsal ganglia. 
3 L, third lumbar ganglion. G. Sp.N., L. Sp. N., great and small splanchnic nerves. 
S. G., left semilunar ganglion. DD. A., dorsal aorta. 


One branch, after crossing the ganglion, proceeds alone, between 
the layers of the mesentery, not forming a plexus or running on an 


artery, and enters the wall of the intestine in the sick syncs of the 
flexura duodeno-jejunalis. 
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CONCLUSIONS. 


1. Two kinds of movements are to be distinguished in the small 
intestine, viz. the rhythmic pendulum movements, and the true peri- 
staltic contraction. 

2. The pendulum movements are due to rhythmic contractions 
affecting longitudinal and circular coats simultaneously. They recur 
about 10 or 12 times in the minute, and travel along the intestine at a 
rate of 2 to 5 cm. per second. They are myogenic in origin, and 
are probably propagated by means of the muscle fibres. | 

3. The peristaltic contractions are true coordinated reflexes, started 
by mechanical stimulation of the intestine, and carried out by the local 
nervous mechanism (Auerbach’s plexus). They are independent of the 
connections of the gut with the central nervous system. They travel 
only in one direction, from above downwards, and are abolished on 
paralysing the local nervous apparatus by means of nicotin or cocaine. 

4. The production of the true peristaltic wave is dependent on the 
unvarying response of the intestinal nervous mechanism to local 
stimulation, the law of the intestine. This law is as follows :—Local 
stimulation of the gut produces excitation above and inhibition below 
the excited spot. These effects are dependent on the activity of the 
local nervous mechanism. 

5. Every point of the intestine is therefore subject to opposing 
influences transmitted to it along its wall, viz. inhibitory impulses from 
above, and augmentor or excitatory influences from below. The 
activity of the intestinal muscles at any time will depend on the 
relative influence of these two sets of impulses. 

6. Besides these local influences, every point of the intestine is 
under the control of the central nervous system through the inter- 
mediation of the splanchnic and the vagus nerves. 

7. The splanchnic nerves exercise a tonic inhibitory influence on 
the intestinal movements, Excitation of these nerves causes inhibition 
of the intestine affecting both longitudinal and circular coats. This 
inhibition is independent of the vaso-constrictor action of the splanch- 
nics. We can obtain no satisfactory evidence that these nerves ever 
possess a motor function. : 

8. The vagus nerves contain two sets of fibres, inhibitory and 
augmentor. The inhibitory fibres have a short latent period, the 
augmentor fibres a long latent period. The action of the vagus on the 
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intestines is therefore twofold—an initial inhibition followed by aug- 
mentation which outlasts the excitation of the nerve. The action of 
the vagus on the intestines is unaltered by atropin, but is permanently 
abolished by a small dose of nicotin. It is very susceptible to the 
action of other inhibitory stimuli, and is rarely obtained unless these 
have been excluded by section of both splanchnics. The “— have no 
tonic action on the small intestine. 


March 17th, 1899. 


(The greater part of the expenses of this research were defrayed by a 
grant from the Government Grant Committee of the Royal Society. ] 
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NOTE ON THE MUSCULAR RESPONSE TO TWO 

STIMULI OF THE SCIATIC NERVE (FROG). By 

A. E. BOYCOTT, B.A. (Oxon.), Scholar of Oriel College, Oxford. 
(Six Figures in Text.) 


(From the Physiological Laboratory, Oxford.) 


THE foundation for the research which forms the subject of this note 
is the recent work by Gotch and Burch, a preliminary account of 
which has recently appeared’. In this the remarkable fact was brought 
out that nerve, when cooled, gives no electrical excitatory response to 
a stimulus, if a preceding effective excitation has occurred at an 
interval of less than about 0°008 second. 

_ The present investigation was undertaken at the suggestion of 
Prof. Gotch with the object of ascertaining how far the existence of 
such exciting inadequacy of a second stimulus could be inferred from 
the character of the muscular respunse to nerve excitation. 

The method employed was that made familiar by the classical work 
of Helmholtz, and utilised subsequently by Sewall and others, the 
essential feature of which consisted in contrasting the mechanical effect 
of the response to two stimuli with that obtained by either stimulus 
alone*. It is well known that two adequate stimuli at short intervals 
evoke a larger muscular response than a single one, the increased response 
being mainly due to the summation of the two mechanical effects, this 


being indicated in the records of the contraction. The. smallest - 


interval between two nerve stimuli capable of evoking such summated 
mechanical effects in the muscle has been variously estimated. Thus 
Sewall® places the limit at something not much less than 0001” under 
favourable conditions. Taking the production of tetanus as the index, 
Kronecker and Stirling‘ imply a limit of something like 0:00005”, 


1 Gotch and Burch. Proc. Physiol. Soc,, Jan. 21, 1899. This Journal, xxi. 
? Helmholtz. Monatsber. d. Berl, Akad., p. 328. 1854. 

Sewall, This Journal, u. p. 189, 1879. 

* Kronecker and Stirling. This Journal, 1. p. 417. 1878. 
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Roth’ 0002”, Bernstein?® 002” to 004”. In the present investigation 
the limiting point has not been specially examined, although it may be 
mentioned that a summated muscular effect was never noticed when 
the stimuli were less than 0:0005” apart, and it was generally necessary 
at room temperature of 14°C. to make the interval 0°001” or even 
0:002” before such an effect could be observed. 

The difficult question as to the distinction between summation 
of mechanical and of stimulating effects is obviously involved in the 
consideration of such determinations. It may be disregarded in the 
present communication since none of the previous investigations appear 
to have dealt with such modified conditions of the nerve as are involved © 
by those local alterations of temperature used in the present inquiry; it 
is desirable in this note to deal broadly with the main fact as to whether 
such local alterations affect the production of summated responses. 

In order to record the muscular contractions the usual methods 
were employed, the muscle being attached to an isotonic lever which 
inscribed its displacement either upon a fast-travelling glass plate, 
or upon a stationary surface which after each experiment was moved 
a suitable distance. In the latter case the extent of the muscle- 
shortening is indicated by the length of the recorded (nearly) straight 
line, and since this method showed any summation effects quite as 
clearly as that involving the inscription of complete muscle curves, the 
examples given in the present communication are limited to those 
obtained by its use. 

The preparation consisted of the sciatic nerve and gastrocnemius 
muscle of winter specimens of FR. temporaria, the nerve being dissected 
out from the spinal column to the muscle, and the whole preparation 
generally immersed in 0°6 p.c. NaCl (containing suitable traces of Ca 
salts) for from + to 4 hours before the actual experiment. It was then 
transferred” to a moist chamber containing two pieces of thin-walled 


...* > glass tubing fixed across the chamber; on these the nerve was allowed 
to rest, but was otherwise suspended between its attachments to the 


spinal column and gastrocnemius respectively. By means of water 
flowing through the tubes, the temperature of the nerve could be 
locally altered in two situations, one nearer its central, the other its 
peripheral end. A single pair of fine platinum electrodes were brought 
into contact with the surface of the nerve where it lay upon the more 


Roth. Pfliiger’s Archiv, 1888. 


2 Bernstein. Unters. u. d. Erregungsvorgang im Nerven u. Muskeln. Heidelberg, 
1871. 
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central of the two tubes. igi lever carried an axial ee of 12°5 
grammes. 

The two excitations were produced in rapid succession by the 
opening of two keys, this being effected by a spring traveller, the 
velocity of movement of which (2°25 metres in 1”) was ascertained in 
the usual way by tuning-fork records. The interval between the keys 
could be varied by sliding one of them along a scale, and verification 
from time to time showed that the time interval for any given 
position of the scale was not appreciably altered throughout any given 
set of experiments. 

In order to diminish as far as possible the alterations in the 
intensity of the exciting currents produced by the temperature varia- 
tions in the electrical resistance of the nerve, a large external 
resistance (100,000 ohms) was introduced into that portion of the 
exciting circuit which comprised the electrodes; the resistance itself 
was either a wire or a graphite one. 

Two forms of stimulus were employed, opening induction currents 
and condenser discharges of long duration ; the former have been shown 
to excite warmed better than cooled nerve, the latter to excite cooled 
better than warmed nerve’. 


A. Stimulation by two opening induced currents. 


For these experiments two sliding coils were used, the coils being 
placed at right angles to one another. The primary coil of each was 
connected with a Daniell cell through one of the keys on the fixed 
stand of the traveller, and both secondary coils, having been joined 
together by a cross-wire, were connected by their remaining terminals 
with the exciting electrodes. Each passage of the traveller thus 
caused two induced currents to traverse the nerve. Preliminary trial 
was made in every instance of the exciting efficiency of each induced 
current when occurring singly, and care was taken that each should 
be adequate to evoke a maximal muscular twitch. The interval — 
between one passage of the traveller and the next was generally about 
15 seconds. 

The result of local salle of the nerve at the more central portion, 
ae. of the part immediately in contact with the exciting electrodes, is 
shown in Fig. 1, which is a characteristic example of all the experiments 
made under these conditions. 


' F, Gotch and J.S. Macdonald. This Journal, xx. pp. 266, 267. 1896. 
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It will be obvious that the summated response evidenced in the 
second and fourth groups, as evoked by two stimuli, is not present 
in the central group; the response with the nerve cooled ds shown in 
this central group, although two stimuli were employed, is that of the 
single twitch which is itself recorded in groups 1 and 5. 


Fig. 1. Read from left to right. Coils at 13cm. Room temp. 14°. The first and fifth 
groups are responses to the first stimulus alone. The second, third and fourth 
groups are responses to two stimuli separated by an interval of 0-006”; in the third 
group water at 0° was passing through the tube at the point of excitation, while in 
the second and fourth the point of excitation was approximately at 14°. 


It is impossible to give exact values for the relationship which 
undoubtedly exists between the temperature of the nerve and the 
necessary interval which must elapse before a second induced current 
can be an effective stimulus. Roughly speaking, with the nerve at a 
temperature of 3°C. at the point of excitation, the two stimuli will 
not evoke a muscle response of a summated character unless they are 
more than 0°005” to 0°006” apart; with a still lower temperature of 
the nerve the necessary interval may be increased to 0°01” or even 
0:02”; on warming to 15°, it is diminished to 0001”. 

Similar results were obtained when the nerve at the seat of 
excitation was kept at 13°—15° while a short length between the seat 
of excitation and the muscle was cooled. Care was taken that this 
peripheral cooled portion should be so situated as not to produce any 
recognisable physiological difference in the state either of the muscle or 
of the central region of the nerve, An example of the results consistently 
obtained by this method is given in Fig. 2. 
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In both these experiments and those referred to later on, trials were 
made of the influence of various combinations of exciting currents, such 


Fig. 2. Read from left to right. Coils at 13cm. Room temp. 15°. First and fifth 
groups are responses to first stimulus alone; the second, third and fourth groups are 
responses to two stimuli at an interval of 0:006”. In the third group water at +1° 
was flowing through the tube between the point of excitation and the muscle. The 
point of excitation was at 15° throughout. 


as currents similarly directed, oppositely directed, ascending, descending, 
etc. The results were all of the kind just described; no appreciable 
difference, either of a qualitative or quantitative character, was ob- 
served under the experimental conditions here employed. 

A variation of much interest was suggested by the experiments 
already referred to of Gotch and Burch. The seat of excitation was 
kept at a low temperature whilst a peripheral region of the nerve was 
warmed. If the cooling of the central region was sufficiently pronounced, 
then the warming of the peripheral part made no difference to the 
results. Thus, with a certain interval between the stimuli (say 0-006”), 
the contraction showed no evidence of mechanical summation, whether 
the peripheral part was warmed or not. On the other hand a result of 
a different character was sometimes obtained, resembling the observation 
of Gotch and Burch, who found that when two stimuli occurred at such 


an interval as to evoke only one electrical response in a cooler region, the 


response in @ more remote warmer region was double. If a preparation 
is taken which at 13°—15°C., as is not infrequently the case, fails to 
show any muscular summation when excited by two stimuli at 0:002” 
interval, such summation may frequently be observed when a_peri- 
pheral area only is warmed to 20°—30°C. That this is not due to a 
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rise of temperature in the muscle augmenting the size of the single 
twitch is obviously shown by the fact that each stimulus alone does not 
evoke the augmented response produced by the two in succession. 
That it is not due to a spread of the warming effect to the excited 
portion of the nerve is shown by the circumstance that such peripheral 
warming is actually more efficacious than warming the point of excita- 
tion. The general character of this result is shown in Fig. 3. 


Fig. 3. Read from left to right. Coils 12cm. Room temp. 16°. First and fifth 
groups are responses to first stimulus alone; the second, third and fourth groups 
are responses to two stimuli at an interval of 0:002”. During the third group water 
at 80° was passing through the peripheral tube. The point of excitation was at 16° 
throughout. | 

B. Eaperiments with condenser discharges. 

For obtaining two similar condenser discharges in rapid succession 
an arrangement was employed at the suggestion of Prof. Gotch of the 
following character. 

Each of the two keys (K,, K,) on the stand of the traveller was 
placed in a circuit comprising a battery and a simple resistance (Rh,, Rh.) 
acting as a rheochord as shown in Fig. 4. The two rheochords were 
then joined by a wire junction between A, and A,, whilst blocks 
capable of being placed at any desired position upon their wires, C,, C,, 
were connected as indicated with the plates of a condenser. At one 
point in this connection a key K, was interposed, which when open 
placed the electrode wires in the condenser circuit. 

By this arrangement the condenser plates were kept charged during 
the closure of the keys; on then opening X, the condenser at once 
discharges one portion of its charge through the preparation, whilst on 
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opening the second key, K,, a further discharge of the remaining portion 
takes place. By altering the position of the moveable blocks on the 
rheochords the two discharges can be easily adjusted so as to be of = 
exciting efficiency’. 

The condenser used had a capacity of 0°2 microfarad, and in diane 
experiments it had to be charged with a potential difference of from 03 
to 0°5 volt in order to secure a maximal muscular response. Its discharge 
was thus of the type termed prolonged by Waller*. 


Fig. 4. 


The results obtained were of precisely the same character as those 
already described in connection with induced currents. Local cooling 
increases to a marked degree the interval at which a second stimulus 
has to follow a predecessor in order to produce any evidence of a 
summated muscular response. This is true whether the cooling be 
that of the seat of excitation or that of a more peripheral region. 
Examples characteristic of these results are shown in Figs. 5 and 6. 


The fact that with two condenser discharges of prolonged type, the 
second, like a second induction current, is inadequate to excite the 


1 This arrangement has the great advantage that since the condenser is kept charged 
and is discharged the instant the charging circuit is opened, there is no possibility of 
alteration through leakage or through the inadequate closure of such closing keys as are 
generally employed. 

2 Waller. Proc. Physiol. Soc., Feb. 18,1899. This Journal, xxtv. 
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Fig. 5. Central cooling. Read from left to right. Condenser 0°2 microfarad. Rheochords 
95. The first and sixth groups, marked S, represent the responses to the first 
stimulus only; the rest are responses to two stimuli which in the groups marked 2 
were 0°002” apart; in those marked 5, 0°005” apart; in those marked 7, 0°007”; and in 
those marked 10, 0°010”. In the first five groups the point of excitation was at 15°C., 
in the second five it was cooled with water at 0°C. In the cooled series summation 
begins to appear with intervals of 0°007” and is pronounced with intervals of 0-010”, 

_ while at 15°C. it is well-marked at 0-005” but absent at 0-002”. 


Fig. 6. Peripheral cooling. Read from left to right. Condenser 0-2 mf. Rheochords 95. 
Room temp. 15°. First and fifth groups, marked S, are responses to first stimulus 
alone; the second, third and fourth are responses to the two stimuli at an interval 
of 0005”. During the third group water at +1° was passed through the peripheral 
tube. The point of excitation remained at 15°C. throughout. The summation is 
seen to be absent in the central group in which the nerve was cooled between the seat 


of excitation and the muscle. 
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cooled nerve when a previous stimulus of the same kind las preceded 
_it by about 0006”, is of some interest. The experiments of Gotch 
and Macdonald’, confirmed by Waller’, show that the nerve is more 
excitable when cooled for such external stimuli as prolonged condenser 
discharges, though less excitable for induced currents; that this was so 
under the conditions used in the present experiments was confirmed by 
trial in each experiment. The failure of the second excitation in both 
sets.of stimuli implies that such modifications in excitability for external 
stimuli as are produced by the low temperature, are not factors in 
determining the exciting efficiency of the second stimulus. The 
obvious physiological inference to be drawn from the results is that 
the activity of nerve like that of cardiac muscle, &. is associated with 
a period of diminished excitability, and that, in accordance with the 
views now held by Gotch and Burch, the period of nerve activity 
being prolonged by cold, that of diminished excitability becomes pro- 
longed also and is thus rendered conspicuous. 

The similar character of the results, whether the cooling is at the 
seat of stimulation or on its peripberal side, must be taken to imply that. 
there is diminished capacity of the already active tissue to respond to a 
second stimulus, whether this stimulus be an external agent or that 
internal state which is the basis of propagation. 

It is doubtful how far the fact of the failure of the second stimulus 
- implies any period of complete inexcitability. As far as the present 
experiments are concerned, some instances at least of this failure appear 
to be only due to diminished excitability. For if with a certain degree of 
local cooling, the excitation by two stimuli at (say) 0°006” interval fails 
to evoke a summated muscle response, such summation may frequently 
be observed when the intensity of the second stimulus is augmented 
by moving the secondary coil 1 cm. nearer the primary. The employ- 
ment of still more intense currents (by the use of which summation 
may be produced in apparently all cases) is obviously open to objection 
through current spread and the possible occurrence of other more 
remote seats of excitation. . 

In conclusion reference may be made to the results obtained by the | 
use of three successive stimuli, these being in all cases opening in- 
duction currents, each when alone evoking a maximal muscle response. 
The results may be briefly expressed by the following nomenclature, in 


1 Gotch and Macdonald. Proce. Physiol. Soc., Feb. 18, 1899. This Journal, xx1v. 
2 Waller. Loc. cit. 
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which A, B, C represent the magnitude of the muscle response to each 
of the three stimuli X,, X,,.X;. Preliminary trial having shown that 
A (due to X,)=B (due to X,)=C (due to X;), the following modifi- 
cations were found when such stimuli followed each other in rapid 
succession (at such intervals as 0°005”, etc.). 


Nerve at 15°C.:— 


A is less than A+B: 
A+B is less than A4+C: 
A+C is less than A+B+0C. 


Point of excitation cooled at 3° C. :— 


A=A+B: 3 
A+C is greater than A or A+B: 
A+C=A+B+C. 


It follows that at 3° C., with the interval 0°005” now taken as an 
example, X, is not only ineffective as a nerve stimulus but does not 
interfere with the exciting efficiency of X;, «¢. does not produce a 
period of diminished excitability. This was ascertained to be the case 
when various combinations of intervals and intensities of stimuli were 
employed. It may be further inferred from these observations that 
_when a cooled nerve is stimulated by a number of induced currents 
occurring in rapid succession, the resulting muscular tetanus is not 
necessarily evoked by the arrival of a corresponding series of nervous 
impulses at the muscle. Thus, in the instance just given, the passage 
of induced currents through the cooled nerve at the rate of 200 per 
second must obviously result in the failure of the second current to 
excite; presumably the fourth will similarly fail and so will each 
current that follows a successful one. When the nerve is at 15°C. 
the rate may be much higher and every induced current may be 
effective, but even here there appears to be a limit. Experiment has 
demonstrated the production of muscular tetanus when currents traverse 
the nerve at 4000 per second (Roth) and apparently even at such 
_ frequencies as 20,000 per second’. It is obvious however that there 


is no proof that this tetanus is produced by a corresponding series of 


nervous impulses evoked by all the members constituting the stimu- 
lating series, since some of these may be ineffectual. The number 


1 Roth. Loc. cit. Kronecker and Stirling. Loc. cit. 
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which are effectual is presumably intimately related to the duration of 
the interval which must elapse after a single effective current has 
traversed the nerve, before a second current can excite so as to produce 
a summated mechanical response in the muscle. At 150°C. it seems 
impossible to place this interval at less than 00005”, while in most 
cases it is between 0°001” and 0:002”. These figures would only allow 
from 1000 to 2000 effective stimuli per second at 15° C., and possibly 
only 500; thus tetanic contractions obtained by indirect stimulation 
at this temperature with more rapid frequency of stimuli would be 


responses in which some of the supposed stimuli have in reality been — 


ineffectual. 
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SOME REMARKS ON THE EXCRETION OF URIC ACID 
AND ITS RELATION TO SOLUBILITY. ByA. HAIG, 
M.A., AND M_D., Oxon., F.R.C.P. 


I HAVE previously pointed out? that the excretion of uric acid is almost 
entirely a question of solubility. The older observers (Sir A. Garrod 


_and others) did not. recognize this, and they were thus led into certain 


errors ; for instance they stated that the administration of uric acid by 


the mouth led merely to an increase of urea in the urine. If, however, 


alkalis or salicylates are given at the same time to ensure that the 
urates remain in solution in the blood, the uric acid given is eliminated 
as such ; the rise in the excretion of urea is merely due to a decrease 
in the alkalinity of the blood which stimulates metabolism. 

The “law of solubility ” is also not sufficiently recognized by recent 
workers. Thus Bain and Edgecombe® state that tea and coffee 
diminish the excretion of uric acid. I have found the reverse to be 
the case. I have already pointed out that in order to reproduce my 
results other experimenters must also reproduce my conditions, and 
must therefore simultaneously take alkalis or salicylates to keep uric 
acid in solution ; otherwise it will be retained in the body. Bain and 
Edgecombe got a rise of uric acid on leaving off the tea and coffee ; 
this was no doubt due to tbe xanthine previously swallowed, the 
resulting uric acid being better able to remain in solution when 
introduction of fresh xanthine is suspended. 7 

In reference to their work on the influence of meat diet, I would 
point out that a week is far too short a time to obtain a result of any 
value ; fluctuations in excretion are constantly occurring, and it is only 
when watched over long periods that these can be expected to balance 
each other. 

Their results with sulphur and iron-water comprise my own. They 
notice that retention comes more quickly to an end after leaving off 


1 This Journal, xv. p. 170, 1893. 
2 This Journal, xxut. p. 99. 1899. 
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the iron, than after the sulphur water; the explanation I should 
advance of this fact is that sulphur does not directly combine with uric 
acid; but when it is metabolised, acid products are formed which 
probably affect the phosphates of the blood, and so the excretion of 
uric acid is hindered; the effect of the sulphur will probably both 
begin and end more slowly than that of iron. The iron combines 
directly with the uric acid, and so the retention of the acid falls off 
immediately the introduction of the metal into the blood ceases. 

The fall in uric acid which they find with an increase of urinary 
water is a constant law. 

Another recent paper on uric acid is that by Hopkins and Hope’. 
They object to my reasoning, that a second meal soon after the first 
produces an equivalent rise of uric acid, and argue that if the first rise 
is a Clearing out, t.e. was a matter of solubility, the second rise should 
be smaller. I, however, should explain their facts and their Fig. 1 
differently. The larger rise of uric acid to the left of the figure takes 
place while urea and consequently acidity is low; it is again a matter 
of solubility. It falls later not because all available uric acid has been 
excreted, but simply because acidity rises with rising urea, and this 
stops the excretion of uric acid. This I take to be also the explanation 
of the results of Marés which they quote. With regard to their 
experiments III, VI., VII. and VIII. in which the excretion of uric 
acid increases with increasing acidity, it is to be borne in mind that 
some time may elapse before the phosphates, the chief solvents of uric 
acid in the blood, are affected so much by it as to be no longer solvents 
of uric acid, and till this occurs a good excretion will go on. No doubt 
@ fresh meal taken as the uric acid is coming down introduces some 
fresh alkali and phosphates, and as uric acid is falling from want of 
solvents, it turns and rises for a little until the further increase of urea 
and acidity again brings it down. That the large excretion of the 
morning hours is a mere matter of solubility can be best shown by 
taking an alkali at night: this facilitates the elimination of the uric 
acid formed at night, and diminishes to a corresponding extent the 
excretion of the following morning, and in this way the excretion of the 
24 hours can be nade almost a straight line. 


after a meal precludes the possibility of its origin ce the nuclein 
of the food. The rise here appears to me to be again a matter of 


! This Journal, xx. p. 283. 
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solubility, and is due to previously retained uric acid. The fact that 
thymus extract freed from nuclein causes a rise in uric acid excretion, 
confirms my previously expressed suggestion that it is the xanthine 
bodies, and uric acid, and not the nuclein, in the food which form the 
source of the uric acid in the urine. 

On the completion of some experiments I am at present carrying 
out, I shall return to the subject, especially with regard to the im- 
_ portance of the “law of solubility” and the law of the relation between 
uric acid and water in excretion. 
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ON THE STRUCTURE OF CELL PROTOPLASM. By 
W. B. HARDY, Fellow of Gonville and Caius College, 
Cambridge. (Plate IIL.) 


Part I. The Structure produced in a Cell by Fixative and 
Post-mortem change. The Structure of Colloidal matter 
and the Mechanism of Setting and of Coagulation. 


CONTENTS. 
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_ The theory of the changes which are produced by fixatives. 


The structure and relations of heat-reversible colloidal mixtures in binary 
and ternary systems. The mechanism of “ setting.” 

Colloidal mixtures which form irreversible molecular aggregates when they 
pass into the gel state: the action of electrolytes and the mechanism of 
coagulation. 

Action of reagents upon heat-reversible systems—the mechanism of fixation. 

Effect of fixing reagents upon a preexistent net. 
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Fixation under stress. 
Fixation by cold. 


- Optical homogeneity of very thin films after fixation. 


II. Structure produced by sub-mortem or post-mortem change in the cell. 


Fixation and clotting. 

Structure due to the presence of, or to post-mortem changes in, secretion 
masses. 

The minute structure of an alveolar cell of the orbital gland. 
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Since Briicke made the deduction that the complex phenomena of 
the life of the cell can only be exhibited by structured matter nearly 
forty years have elapsed. During that period a great part of the facts 
and theories of modern physiology have been discovered and formu- 
lated ; and during that time more than fifty workers have endeavoured 
to convert Briicke’s deduction into an induction founded upon the 
direct investigation of the structure of the cell-substance. It is not 
going beyond the facts to say that in spite of their labours not one 
single point has beén placed beyond the domain of ardent controversy ; 
almost nothing has been added to the settled body of knowledge. 

At the present moment the living cell-protoplasm’ is regarded by 
many as being composed of two substances, one of which is disposed 
as a contractile net according to some, as a relatively rigid framework. 
according to others, or as free filaments. Other workers again regard 
cell-protoplasm as being built up of a more solid material, and of a 
more fluid material which occupies the minute spaces or vacuoles 
which are hollowed out in the former. Still others view it as a 
homogeneous jelly holding granules. Lastly there are still those who 
deny the truth to all these views and maintain that the living cell- 
protoplasm is homogeneous in so far that it does not manifest the 
relatively coarse structure which these theories ascribe to it. Its 
peculiar and transcendent qualities are according to them associated 
with molecular and not molar structure. 

In this paper I endeavour to show that, if one puts on one side the 
confusion which has arisen from the inheritance of two nomenclatures 
of the parts of the cell, the one due to the botanist Hanstein, and the 
other started by the zoologist Kupffer, this lack of consonance in 
the views held as to the structure of the cell-protoplasm is traceable in 
the main to the fact that they are largely based on details of structure 
visible both in fresh and in fixed cells which are the result of the 
physical changes which the living substance undergoes in the act of 
dying, or at the hand of fixatives. — | 

Flemming’ was perhaps the first to draw special attention to the 
fact that the appearance of structure in the cell-protoplasm might be 
due to the action of fixatives or to post-mortem changes. He showed 


1 Throughout this paper the words ‘‘cell-substance” are used to indicate the whole 
of the cell exclusive of the nucleus; and the words “‘cell-protoplasm” to indicate the 
cell-substance with the exception of secretory granules, glycogen or fatty masses, or other 
stored (paraplastic) products, 

2 Zellsubstanz, Kern, und Zelltheilung. Leipzig, 1882, p. 51. 
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that a fine net structure is produced when the sap of a vegetable cell 
is fixed with osmic acid,—this net therefore is an artifact due to the 
action of the fixing reagent. | 

The possible origin of structure in the dead cell-substance which is 
not present in the living state, and which therefore is artifact for the 
purpose of the present discussion, appears to me to be threefold: (i) the 
rearrangement of the constituents of the cell-body which is due to and 
indeed constitutes the actual process of dying—these are the sub- 
mortem* changes; (ii) the changes in the stored products of the cell 
activities which may occur sub-mortem, or only post-mortem as a 
result of the action of reagents; for instance, the swelling of mucin 
granules and consequent distortion of the cell-protoplasm, or the 
_ solution of the oxyphil granules of the coarsely granular blood cells 
of the crayfish; (iii) the action of fixing reagents in coagulating the 
cell-substance. 

Of these three possible sources of artifact the last mentioned is 
dealt with first. The subject-matter of the paper therefore falls into 
three sections, which deal with (i) the nature of the structure produced 
in solid and liquid colloids by the action of fixatives, (ii) the production 
of structure by sub-mortem and post-mortem changes in the animal 
cell, and (iii) the application of the facts and principles set forth in the 
first two sections to the interpretation of structure seen in the cell- 
substance (a) when dead or dying, but unfixed (§), after fixation. 

I take this opportunity, at the close of the introductory section, to 
express my sincere thanks to my friend Mr Neville, of Sidney Sussex 
College, for the unwearied patience with which he has aided me in 
these investigations. I have received both suggestions and criticism 
from him ; indeed without his help, so generously given, the sections on 
the nature of the colloidal state could not have been written. 


I. THE NATURE OF THE CHANGES PRODUCED IN COLLOIDS 
BY FIXATIVES. 


It is, I think, one of the most remarkable facts in the history of 
biological science that the urgency and priority of this question should 
have appealed to so few minds. Yet the urgency lies patent to the 
most superficial consideration. It is notorious that the various fixing 
reagents are coagulants of organic colloids and that they produce 


* 1 This phrase conveniently indicates that broad zone which intervenes between the 
completely living and the completely dead—the period rod 
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precipitates which have a certain figure or structure. It can also 
readily be shown, as will appear more fully in the sequel, that the 
figure varies, other things being equal, according to the reagent used. 
It is therefore cause for suspicion when one finds that particular 
structures which are indubitably present in preparations are only 
found in cells fixed with certain reagents, used either alone, or in 
particular formule. Altmann demonstrates his granules by the aid 
of an intensely acid and oxidising mixture, while Martin Heidenhain 
is dependent almost exclusively upon corrosive sublimate. 

Though many writers deal episodically with the action of fixing 
reagents, the matter has received special attention at the hands of, so 
far as I know, only four workers. These are the three botanists 
Berthold’ (1886), Fr. Schwarz’ (1887) and Fischer*® (1894—5) and 
the zoologist Biitschlit (1892). These workers are singular in the 
fact that they attacked the problem from without; they endeavoured 
to determine the nature of the action of fixing reagents on cell- 
substance by control experiments made on material such as solutions 
of gelatine or peptone, the physical homogeneity of which can be taken 
for granted. 

Berthold added little to what had beets previously said by 
Flemming. He criticised the net which Schmitz described in 
Bryopsis and Saprolegnia preserved with picric acid and roundly styles 
it an artificial product. He supports this assertion by experiments 
which prove that when egg-white is precipitated it takes a most 
beautiful “framework” structure. In the next year Fr. Schwarz in 
the course of a long treatise on the morphological and chemical 
composition of protoplasm, stated that the examination of living and 
fixed vegetable cells led him to the conclusion that the cell-protoplasm 
does not contain a “preformed” net or framework (Geriist). This 
conclusion he supports by experiments on solutions of gelatine, 
peptone and dried egg-albumen, which showed that when these solutions 
are fixed by various reagents, they exhibit all the various appearances, 
granular, fibrillar and fine and coarse nets, which are to be seen in 
fixed cell-substance. 

Fischer attacked the subject quite independently, and added two 
important observations to those made by Berthold and Fr. Schwarz. 


1 Studien iiber Protopl echanik. Leipzig, 1886, p. 62. 


2 Cohn’s Beitriige zur Biol. d. Pflanzen, v. p. 1. 1887. 
3 Anat. Anzeiger, x. p. 678, 1894; x. p. 769. 1895. 
4 Protoplasm and Microscopic Foams. London, 1894. 
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The object of his experiments in the first instance was to determine 
whether Altmann’s granules are or are not artifacts due to the action 
of the reagents. The result of his experiments proved, however, so 
striking as to lead him to condemn as artifacts not only Altmann’s 
granules, but also the “tingible bodies” of Flemming, and possibly 
the whole of those appearances in the nucleus and cell-body grouped by 
Flemming under the heading “ chromatolysis.” | 

Fischer used solutions of peptone (2—10°/,), hemoglobin, nu- 
clein, and various proteids such as serum albumin, paraglobulin, etc., — 
either alone or mixed, He found, like Berthold and Schwarz, that 
the precipitates produced by various fixing reagents (osmic acid, 
chromic acid, Flemming’s and Altmann’s mixtures, etc.) had a certain 
figure—granular or net-like. He also showed that this is true, even 
when the solution is enclosed in thin solid membranes. Small pieces 
of elder pith were infiltrated with 2 to 10°/, peptone solution, and then 
fixed in 1°/, osmic acid, or in Altmann’s mixture. Sections were 
made, and they showed the contents of the pith spaces arranged so as 
to offer a picture remarkably similar to that shown by sections of an 
actual cell. “In the middle was a nucleus-like body, from all sides of 
which there stretched to the cell-wall beautiful delicate threads which 
anastomosed with one another, and were composed of small and large 
granules.” The second important point established by Fischer was 
the fact that when mixtures of colloids are used, such as peptone and 
serum albumin, the constituents could be “differentiated” by fixing 
and staining. In the case quoted, after fixation and staining by 
Altmann’s method, the serum albumen was found to form a matrix 
holding peptone granules. 

The importance of this last observation can scarcely be overrated. 
Solutions of peptone and serum albumen are miscible in all degrees, so 
there can be no question of the completeness with which the two 
substances are intermixed at the commencement of the experiment. 
Therefore it is clear that the fixing agent not only separates both — 
dissolved substances from the water, but also separates the one from the 
other, so that a structure is obtained differentiated both in form and in 
staining reaction which bears no resemblance whatever, and gives no 
clue to the relation of the three constituents, water, albumen and 
peptone, before the fixing agent acts. | 

Biitschli’s observations are especially interesting, not from the 
interpretation he places on them, because in this he has, I think, fallen 
into error, but from his clear recognition of the extreme importance 
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of the facts. In the text of the book he is disposed to deal somewhat 


_ summarily with the view that the appearance in fixed cell-substance is 
an artifact. Some investigations which he carried out himself led him 
completely to alter this attitude, and the changed view finds expression 
in the appendix. There he confesses that coagulated white of egg or 
commercial gelatine show all the appearances which are presented by 
fixed cell-protoplasm ; those appearances which Btitschli interprets as 
indications of a very fine emulsion, or foam, structure. Ardent advocate 
as he is for structure in cell-protoplasm, Biitschli is compelled to 


admit that this fact deprives observations upon fixed cells of any 


evidential value. But, he says, the view held by Berthold, Schwarz 
and Kélliker, that the structures which are alleged to be present in 
protoplasm are really simply due to processes of coagulation of this 
_kind, is untenable “in view of the numerous cases in which the 
structures are distinctly demonstrable in living protoplasm.” The 
value of the last-mentioned evidence has, it seems to me, been very 
much overrated. This point, however, I hope to take up in a future 
paper. 

_. My own work leads me to think that the action of fixing agents may 
be viewed in a much more comprehensive way. 

I would start the discussion with no statement as to the nature 
of cell-protoplasm other than that it is, as Dujardin described it, 
“glutinous.” Now this glutinous character is a special characteristic 
of that state of matter to which Graham applied the word “colloidal.” 
If then we amplify Dujardin’s adjective so far as to define living 
matter as matter either in or not far removed from the colloidal phase, 
we shall be within the limits of absolutely assured knowledge. But 
living matter does not lose its colloidal characters when it dies slowly, 
or when it is killed quickly by the action of some fixing reagent. The 
colloid substance of a cell does not become crystalloid as a result of the 
action of, ¢.g., mercuric chloride. But, though it does not become 
crystalloid, the action of the fixing reagent is such as to produce an 
insoluble modification of the colloidal matter. Now the question which 
concerns us is, by what internal rearrangement of the solid and liquid 
constituents is this modification brought about ? 

My own experiments furnish the following general answer to that 
question, In the formation of an insoluble modification of a colloid 
from a soluble form, there is a separation of the solid from the liquid, so 
that the particles of the former adhere to form a framework which 
holds the liquid in its interstices. as 
PH. XXIV. 12 
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This statement holds without modification whether the initial 
stage, that is the soluble colloid, be entirely fluid (colloidal solution), 
entirely solid (jelly), or a mixture of the two; or whether the physical 
_ change is or is not accompanied by chemical change. Lastly, the figure 

which the framework offers depends primarily upon the concentration 
of the initial stage, i.e. the proportion of solid to liquid, and upon the 
nature of the fixing agent which is used, and upon the particular 
colloid employed, and to a less extent upon the temperature during and 
subsequent to fixation, and the nature and concentration of the crystal- 
_loid bodies not immediately concerned in fixation, which may be 
present during the process. 

Among fixatives I would include heat, and, in addition to this. I 
used osmic acid, as a 1 °/, solution, and vapour; potassium bichromate, 
1°/,; corrosive sublimate solution saturated in 0°6 °/, sodium chloride ; 
formaline and potassium sulphocyanate. This list offers examples of 
fixing agents of both the slowly and the quickly acting types. 

Two very different experimental methods were used to determine 
the condition of the material—these were direct microscopical examina- 
tion, and what may be called pressure experiments. 

The first consisted in the examination of films, preparations made 
by teasing, and sections prepared with the freezing microtome, and, 
after embedding in paraffin, with the rocking microtome. The pre- 
parations were examined in air, water, alcohol, or canada balsam. 
For extreme magnification, I used an admirable Zeiss apochromatic 
objective with angular aperture 1:40 and a focal length of 2 mm. 
Sections cut in paraffin were usually cut with only one tooth of a 

-rocking microtome. Such sections vary in thickness from 0°6 to 1 py. 

In a fair number of cases, notably after osmic vapour, sections 
even thinner than this were made—that is to say, the wheel of the 
microtome was moved less than one tooth. | 

The pressure experiments need a word of introduction. It occurred 
to me that if, as microscopical examination seemed to show, all insoluble 
gels’ have an open sponge structure, then one ought to be able to 
express from them the fluid contained in their meshes by comparatively 
small pressures, which should bear some very general relation to the 
size of the meshes. 


1 Graham’s nomenclature is as follows: The fluid state, colloidal solution, is the 
“sol,” the solid state the “gel.” The fluid constituent is indicated by a prefix. Thus 
an aqueous solution of gelatine is a “ hydrosol,” and on setting it becomes a ‘‘hydrogel.”” 
There are etherogels, sulphogels, etc., which contain respectively ether and sulphuric acid, 
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The statement that the pressure necessary to express the fluid 
varies in some inverse measure of the size of the meshes of the sponge 
follows from Poisseuelle’s law for the outflow from capillary tubes. 
Guerout made a similar use of this law to obtain a first approximate 
measure of the diameter of the pores in bladder, gold-beater’s skin, and 
parchment paper’. Pressure experiments also enable us to discrimi- 
nate between an open sponge structure and a vesicular or honeycomb 
structure. The pressure required to separate the fluid being greater 
in the latter than in the former case, when the dimensions of the 
structures are approximately the same. 


The pressure required to separate fluid and solid from a solid structure 
containing both will depend upon the nature of the solid, and the size, shape 
and relative disposition of the fluid-holding spaces. Information on these 
points was desired for the purpose of these experiments. The pressure, 
however, also depends upon other relations, namely, the presence or absence 
of a continuous external limiting membrane of impervious solid, the viscosity 
of the fluid, and the cohesion between fluid and solid. The influence of 
any limiting solid membrane would be very difficult to estimate*. It may, 
however, be eliminated by cutting the mass into pieces. The viscosity of the 
expressed fluid did not vary in the different cases sufficiently to contribute 
much to the difference of pressure. 


Actual experiment showed that fixation of any colloidal mass 
involves a change in the relations of solid and liquid, so that the latter 
can be more readily expressed. Thus a hydrogel containing 13°/,* pure 
gelatine at a temperature of 15° will endure a pressure of 400 lbs. to 
the square inch—this is the maximal pressure I was able to employ— 
without separation of fluid. After fixation with formaline or corrosive 
sublimate, the solid and fluid are so much separated from one another 
as to permit of the latter being squeezed out, as from a sponge, with 
simple hand-pressure. 


The phrase “insoluble gels” needs definition. Gels, such as a jelly of 
agar, of silica, gelatine, and celloidin are mixtures of solid and liquid. Of 
these mixtures I distinguish two classes which can be discriminated by the 
action of changes of temperature. They may be styled the gelatine class and 
the silica class after the best known examples ; members of the former class 
are rendered more fluid by a rise of temperature; while members of the 


1 Ladenburg, ut. p. 299. 
2 Cf. Osborne Reynolds on “ Dilatancy,” Nature, xxx1u. p. 430. 1885—6, 
3 Here and elsewhere this means grams per 100 c.c. 
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latter class become less fluid under the influence of the same change. Thus 
hydrogels of gelatine are mobilised by heat, they absorb water at a more rapid — 
rate, and at a certain point, determined in the main by the proportion of solid 
and liquid, they become hydrosols. A hydrogel of silicic acid, of many 
metallic hydrates and sulphates, or of gelatine after it has been exposed 
to the action of formaline loses its power of holding water when the 
temperature is raised. To use Graham’s terms, the “clot” shrinks and 
“serum” is expressed. : 

For the purpose of a purely histological treatise, and without going too 
deeply into the physical problems involved, these gels of the second class may 
be defined as those in which the solid constituent is insoluble in the fluid 
constituent, and this is what is meant by the words “insoluble gel” when 
they are used in the text. The words also imply that the gels in question 
are not solid solutions. This is proved by the fact that the curves of the rate 
of evaporation, and of the relation of the vapour pressure to concentration, 
are bending lines and not straight lines’. 

Physicists, notably van Bemmelen, have arrived at the conclusion that 
certain of the properties of gels of silicic acid, cupric hydrate, ete., which 
belong to my insoluble class, can be best explained by supposing that they 
have a sponge structure, being built up of a more solid framework holding 
fluid in the interstices. My own investigations have shown that this view 
can be confirmed by the microscope—the framework can be detected with, in 
some cases, even low magnification. 


The great value of the pressure experiments lies in the fact that 
they supplement and verify microscopical observations, in one particular 
wherein the latter is notoriously weak. Sections of cells or of more 
simple collvidal masses, can furnish positive evidence of the existence 
of a framework; but they yield only unsatisfactory negative evidence 
as to the condition and nature of the material which occupies the 
meshes, unless indeed that substance can be differentiated by stains. 
In by far the majority of cases it is impossible to stain matter in the 
meshes of the net: this however would scarcely serve as an adequate 
reason for believing that the meshes are occupied by a simple fluid, 
the “serum” as Graham styled it of the coagulated mass, seeing that 
the cell histologist speaks freely of the existence in the cell. of 
“non-staining” substances. “Pressure experiments therefore serve most 
opportunely in affording proof that “non-staining” substances means 


1 Spring and Lucion, Zeits. f. anorg. Chem. 11. p. 195, 1892. Tamman, Zeits, 
f. phys. Chem. x. p. 268, 1893. v. Bemmelen, Zeits. f. anorg. Chem. v. p. 467. 1893, 
and x11. p. 233. 1896. 
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for the most part simple spaces occupied only by a fluid which varies 
according to the menstruum in which the coagulated colloid mass or. 
the tissue may chance to be lying’. 

It will simplify the method of treatment if I state at the outset 
the significance to be attached to the remark wherever made that :— 
it was found impossible to demonstrate the existence of any material 
in the meshes of a net. This means that the following separate. 
methods failed to drive stain into any substance in the meshes: the 
iron-hematoxylin method, used without any washing out soever; 
staining with saturated solution of acid and basic dyes at various 
- temperatures; and evaporation to dryness in such solutions with or 
without subsequent heating. 

Fization of colloidal solutions. White of egg was broken up 
thoroughly, diluted and filtered. Solutions varying in concentration 
were made from the filtrate either by partial evaporation, or by 
evaporation to dryness and resolution. Tiny droplets, about 1 to 2 mm. 
in diameter, held in loops of silk thread were fixed in various ways and 
sections cut. Larger drops and masses of the solution in moulds of 
porous paper of different sizes were also fixed in the same reagents. 
The following stains were used: iron-hematoxylin alone and followed 
by osmic, methylene blue, eosine, and Ehrlich-Biondi’s triple stain. 

The following facts appeared to be established. 13 °/, solution fixed 
with corrosive sublimate sections made after embedding in paraffin were 
found to show a sponge or net structure, the aspect of which is given 
in Figure 1. It proved to be impossible to stain any substance in the 
meshes of the net. They contained simple fluid, of which direct hand- 
pressure? or a centrifugal machine expressed a quantity equal to + 60°/, 
by volume of the entire gel. 

This net structure, visible under the microscope, might be due not 
to the action of the fixative but to heat shrinkage. This is not the 
case. It is formed in the process of fixation. The net can be 
demonstrated in films of the solution fixed by immersion in sublimate, 
in preparation from the fixed droplets made by teasing, and in sections 
cut from the gel immediately after fixing and washing in water by the 
freezing microtome, 


1 One becomes peculiarly sceptical as to the existence of colloid masses which cannot 
be infiltrated with some dye when one remembers that, as Graham and Voightlinder 
(Zeits. fur physik, Chem. 111. p. 316. 1889) have shown, salts diffuse through gels with 
go little hindrance that the rate is the same as iu pure water. 

2 That is, pressure applied by a glass rod to the substance when in a glass vessel. 
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The effect of a rise of temperature upon the fixed colloid is 
complicated. If the heat is applied while the coagulum is in its 
original fluid, or in water, it behaves as insoluble gels commonly do— 
it shrinks. The rise of temperature leads to a closer aggregation of 
the solid particles—a syneresis, as Graham called it. When the 
original fluid has been replaced by such a fluid as xylol a rise of 
temperature produces a very small effect, but the process of dehydration 
itself causes a shrinkage amounting to + 30°/, of the original volume’. 
The initial coagulation, or fixing, is not necessarily or perhaps usually 
accompanied by a change of volume. This is an agreement with the 
fact. first established by Graham that an insoluble gel when first 
formed has the same volume as the solution from which it is produced. 

This statement holds good not only of simple colloids but also of 
such tissues as were experimented with, and the figures for shrinkage 
are about the same. Pancreas and liver of the frog were examined. 
I subjoin one example. 


A strip of liver was cut out with fine scissors and when suspended it was 
found to measure 11 mm. by + 2 mm. 
Suspended in the sat, solution of sublimate in 0°6 sodium chloride. 
After 2 hours length =11 mm. 


Brought into 95 °/, spirit, con- 
taining a trace of iodine: after 


} no diminution of length. 


12 hours length=9 mm. = decrease in length of 18°/,. 
Further 24 hours in 95 °/, spirit = 9 mm. : 
20 hours in cedar oil = 9 mm. } no further shortening. 


If the decrease were the same, namely 18 °/,, in all directions then 
the diminution in volume would be about 50°/,. 

The average linear shrinkage for strips of liver and pancreas was 
found to be nothing on fixing, and about 20°/, on dehydration. 

We may set these facts, the absence of any change of volume when 
the insoluble gel is formed, and the diminution of volume which 
follows when it is infiltrated with various fluids, or warmed, beside 
Graham’s account? of the volume change of a gel of silicic acid—the 
type of insoluble gels—when its water is replaced by other fluids. 


1 It should be remembered that a change of 30°/, in cubic capacity implies a very much 
smaller diminution in any linear measurement. 


* Journ. of the Chemical Society, u. p. 318, 1864, 
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When a hydrosol of silica changes into a hydrogel there is no 
change of volume.. But when the water in the sponge of the hydrogel 
is replaced by other fluids there is a decrease in volume.. Alcohol and 
glycerine produce only a slight diminution of volume; sulphuric acid 
however leads to a diminution equal to one-fifth or one-sixth of the 
original volume. 

I have determined the existence of a solid framework having an 
open net structure in the following gels. In white of egg coagulated 
by corrosive sublimate, heat, potassium bichromate, or a trace of 
potassium sulpho-cyanate. In a hydrogel of silicic acid, and in gelatine 
coagulated by sublimate, ammonium bichromate, or formaline. In a 
gel of celloidine produced by the action of chloroform on an ether- 
absolute solution, and lastly i in common black indiarubber. 

The last-mentioned case is interesting. Indiarubber is produced by 
the coagulation of an organic fluid, and it behaves like an insoluble 
colloid—it shrinks on warming and extends on cooling. It is therefore 
interesting to find that sections of black indiarubber cut with the 
freezing microtome show the characteristic structure, namely a fine 
open sponge. 7 

The sponge structure of these insoluble gels, which is here de- 
monstrated by direct observation, has been inferred by physicists from 
their examination of the relations of fluid and solid in such gels. Thus, 
to quote only the chief worker in the field, van Bemmelen’, who 
constructed curves of the removal and absorption of water for various 
gels comes to the conclusion that the process of coagulation by which 
these gels are formed consists essentially of a separation of solid from 
liquid; the solid particles then hang together to form a framework 
which encloses the separated solvent. 

In other words, and this is what I wish to insist upon here, the 
very essence of the process of fixation is the separation of solid from 
liquid and the formation thereby of a structure which may have had no 
counterpart. whatever before fixation occurred. 


I turn now to consider the various factors which modify the © 


configuration of this structure. 


The influence of the nature of the fixative, and the nature and 
concentration of the colloidal solid wpon the final configuration. The 


_} Berichte d. deut, chem. Gesell. xm. p. 1467. 1880; Journ. f. prakt. Chem. xxi. 
pp. 324 and 379. 1881; ibid. xiv1. p. 497. 1892; Zeits. f. anorg. Chem. v. p. 467. 1893; 
ibid, x11. p. 233. 1896. 
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relations which fall under this heading are fairly simple for solutions of 
egg-white, but very complex for solutions of gelatine. 

Egg-white. The figure is always that of an open net with spherical 
masses at the nodal points except when the fixative is osmic vapour. 
The size of the nodal spherules and dimension of the meshes of the 
net vary according to the nature of the fixative and the concentration 
of the egg-white solution. 

‘ The procedure in all cases was as follows. The droplets of the 
solution of egg-white were suspended in the fixative in loops of silk. 
They were exposed to the sublimate solution for 20 hours; to osmic 
vapour for 12 hours in the dark; to potassium bichromate, a 1°/, 
solution, for 21 days. To fix by heat the droplets were held for a 
moment until opaque white in a jet of steam. After fixation the 
droplets. were washed in distilled water for about six hours, and de- 
hydrated by changes of spirit, 15 °/,, 30°/,, 40 °/,, 50 °/,, and so on; and 
imbedded in paraffin from cedar oil. 

Fixation by potassium sulphocyanate needs special mention. 
Meusel in 1886! described the coagulative action of this salt in a brief 
paper which does little more than record the experiments. He found 
that when 8 grams of the dry salt are added to 30 c.c. of white of egg or 
serum the latter sets to a firm jelly in the course of a few days. As the 
original paper is bare of detail I subjoin an account of one of my own 
experiments, 


White of egg beaten and centrifugalised ; solids in clear fluid determined 
and found to be 13 grams in 100 c.c.; to 30 c.c. of the clear fluid 8 grams 
KOyS were added; the salt dissolved with great rapidity and without any 
clouding ; placed in a moist chamber—temp. + 16”. 

24 hours still fluid and clear. 

48 ,, becoming viscid and slightly cloudy. 

72  ,, much more viscid and still more cloudy. 

96 ,, set to an opaque white jelly ; not very firm. 

Later jelly quite firm and is contracting slowly with expres- 
sion of a clear serum. 


The jelly is insoluble in distilled water even after the sulphocyanate 
has been allowed to diffuse out into several changes of distilled water. 

I found however that it is not necessary to employ such a large 
quantity of the salt ; coagulation can be effected by a small trace only if 
the temperature be raised. Thus: 5 .c. clear solution of egg-white 


1 Dr Ed, Meusel. Die Quellkraft d. Rhodanate, 1886. 
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holding 10°/, solids was warmed to 45° and a minute crystal of KCyS 
added. In 14 hours it had set completely to a slightly opaque jelly. 

Films were also fixed by traces of the salt in a warm moist 
chamber. In all cases a delicate net structure was demonstrable. 
These details are needed since these gels were used to investigate the 
action of ordinary fixing reagents on already formed “insoluble” gels. 

The effect of the nature of the fixative is shown by the following 
table, which gives the average value for the length of a diagonal of the 
mesh when the amount of coagulable solid in the original solution was 
+ 13 grams in 100 c.c. : 


osmic vapour 0°5 to 0°7 » 
steam lp 
potassium sulphocyanate 10Op 
potassium bichromate 1.3 
corrosive sublimate 1-7 p 


It will be seen from the marked difference between the figure for 
sublimate and that of the rest that in the fixation of proteids this 
reagent has, as Henneguy remarks, “a certain brutality of action” 
which unfits it for use in the study of the structure of protoplasm’. 

The configuration after fixation by osmic vapour appears to be 
different from that produced by the other reagents. It looks to be that 
of a number of vesicles hollowed out of a continuous solid mass and 


therefore not communicating with one another. It is however very . 


difficult to be certain on this point. 

The effect of the concentration of the solution of the egg-white 
when it is above the minimum which is necessary for the production 
of a continuous mass in the fixed state is restricted to an alteration in 
the size of the meshes, Figures 1, 2 and 3 show the appearance of 
the net produced by sublimate in solutions of egg-white containing 
respectively 13, 30 and 60 grams solid per 100 cc. The microscopical 
analysis of the figure in the last case is a very doubtful matter. When 
- the microscope is pushed to these limits its powers are more potent 
in magnifying the personal equation of the observer than in really 


1 Legons sur la cellule, pp. 42 and61. Henneguy is so impressed by this “‘ brutality” 
as to lead him to reject the observations of the important school of Louvain (Carnoy) 
owing to the fact that the workers rely almost exclusively on this fixative (p. 42). He 
makes the interesting remark that when one looks through the plates in ‘‘La Cellule” one 
is struck by ‘‘l’uniformité de structure que revétiraient les cellules les plus diverses,” and 
he asks “si celle-ci n’est point due a l’uniformité de la méthode employée.” 
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elucidating details of structure, seeing that the structures under obser- 
vation become commensurate with the diffraction areas. However it is 
certain that there are discontinuities—the doubt is limited to whether 
the open net structure is still retained, or whether the spaces are 
discontinuous in the form of separate vesicles. 
| If the concentration of the colloidal solid is very small a granular 
precipitate may be produced. The particular concentration necessary 
for the production of a continuous net varies with the rate of fixation, 
the absence of mechanical disturbance, and, as we shall see later, the 
concentration and nature of any electrolytes which may be present. 
The continuous net and the precipitate are not discontinuous states. 
They pass into one another with variations in concentration. 

With egg-white when the concentration is 10 grams per 100 c.c. 
and the fixative potassium sulphocyanate the figure is a continuous 
open net. When the concentration is lowered to 6 grams per 100 c.c, a 
double structure is visible, the typical fine net is no longer continuous 
throughout the entire mass. Clefts and spaces appear in it so that 
sections have the aspect of a very coarse sponge the bars of which are 
_ built out of the typical fine net. With still further dilution the fine, 
net is formed in completely discontinuous patches which constitute a 
“flaky” precipitate. This flaky precipitate therefore is formed as it 
were by the rupture of the coarse framework mentioned above. Finally, 
with yet greater dilution, the fine net is not formed even in patches, 
but in its place there appears a = of discrete spherical 
granules. 

Gelatine.- The figure in this case changes not only in dimensions 
but in character. If gelatine of medium concentration, say 7 to 
15 grams solid to the 100 c.c. be fixed by alcohol, or sublimate, instead 
of forming an open net, it takes the form of a continuous solid hollowed 
out by vesicles about 7 in diameter (Fig. 6) which as a rule become 
deformed to polyhedra by mutual pressure. If it be fixed by formaline 
however an open net is produced; the formaline however must be in 
excess and be allowed to act on the gelatine for about 16 hours. The 
open net figure may be formed with alcohol or sublimate but in that 
case, supposing the reagent to be present in large excess, the percentage 
of gelatine in grams per 100 cc. must be less than 5. The figure 
then consists of nodal spherules joined by bars as when white of egg 
is fixed (Fig. 5). The dimensions of the meshes and spaces are as 
follows : 
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Fixative sublimate: sat. sol. in 0°6°/, NaCl. 


4 open net diagonal of mesh 24 
10 honeycomb diameter of sphere 7 p 
25 ” ” 
50 


” 


Figures 5 to 8 illustrate these cases. 

The point at which the figure changes from the open net to the 
honeycomb depends not only upon the concentration of the colloidal 
solid but also upon the proportion of alcohol or sublimate in the 
changing system. I have not followed this point in detail though it is 
of considerable theoretical importance. The following instance will 
serve to prove the general truth of the statement : 


vol. alcohol grams 
re from the open net to the honeycomb 
1 + 20 
45 


These involved relations depend upon the fact that sublimate and 
alcohol are largely miscible with gelatine in presence of water, and they 
thus form with the water and gelatine a ternary system of partially 
miscible substances. The sublimate and alcchol do not destroy the 
gelatine-water system as does e.g. formaline, they only modify it. 
Thus one volume of a 50°/, solution of gelatine mixes completely with 
one volume of a saturated solution of sublimate, forming a system which, 
like the original gelatine-water system, is heat-reversible, being fluid at 
above 50° and a transparent jelly below. 

We must therefore distinguish two cases, (i) the production of a 
true insoluble modification; and therefore the complete destruction 
of the original system, as when formaline acts fully upon gelatine, or 
when sublimate acts upon egg-white; and (ii) the modification of the 
original system so that though altered it still remains within the class 
of soluble colloids—becoming fluid on heating in presence of a certain 
quantity of water, and solid on cooling. The final figure appears to be 
in the former case always that of an open net if the concentration 
of the colloidal solid be above a certain minimum; in the latter case 
when the fixative is in excess it is a honeycomb unless the concentration 
of the colloidal solid be very low. 


a 
‘ 
4 
1 
| i 
| 4 
| 
4 
4 
i 
a 


174 W. B. HARDY. 


_ Fiwation of a soluble gel. Fixatives produce the same general 
effect, namely, a separation of a more fluid from a more solid part, 
whether the soluble colloid is exposed to them in the solid state’ or the 
fluid state. This was determined by comparing the results of fixation 
when both the mixture of gelatine and water and the fixing solution 
were above the temperature of melting of the former, and when they 
were below that temperature. The internal change in the jelly is 
manifested clearly by the effects of pressure. A hydrogel of gelatine 
holding + 13 grams solid in 100 c.c. will endure a pressure of + 400 Ibs. 
to the square inch without separation of fluid. Fixation with formaline 
produces little superficial change. The jelly becomes firmer but 
retains its transparency. Its internal structure is however changed to 
such an extent that fluid can be expressed by hand-pressure alone. 

‘The absence of any obvious optical changes during the process of 
fixation is remarkably evident in the fixation of an ether-alcohol 
solution of celloidin by chloroform. A clear transparent solid is pro- 
duced. The meshes however of this gel are so coarse that the greater 
part of the contained fluid can be wrung out with the fingers as though 
the mass were a common sponge. 


The facts which are stated empirically in the foregoing sections are 
susceptible of rational treatment to a limited extent. Put briefly the 
facts show that when a soluble colloid is fixed by the action of a fixing 
reagent it acquires a comparatively coarse structure in the process 
which differs wholly or in part from the structure of the soluble colloid. 
It is possible to make a general statement of the relation between the 
initial and final states in this change. 

On page 165 I drew attention to the fact that colloidal mixtures* 
differ from one another in their physical characters, and I distinguished 
between two classes. To this point it is necessary to return. 

Fluid mixtures of water and e.g. agar, gelatine, proteid, silicic acid, 
aluminium hydrate, or antimony hydrosulphide ; or of absolute alcohol 
and celloidin form binary systems which are capable of passing into the 
_ solid state known as the gel. In some cases the change of state follows 


1 The purely physical conceptions, and the experimental results which are briefly 
stated in this section, will be more fully stated elsewhere. 

* Colloidal mixtures can be classified but not individuals, for the same individual will 
form a mixture of one order with one solvent, of another order with another solvent. 
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on a simple fall or a simple rise of temperature, in other cases it occurs 
only when the primary system is modified by the introduction of some 
reagent, and in the process the colloidal solid may suffer chemical 
change. No matter how it is accomplished the change to the gel state 
enables us to place the systems in two groups; in the first the change 
of state is reversible by altering the sign of the temperature change— 
e.g. gelatine or agar and water; in the second the change of state is 
irreversible, permanent molecular aggregates being formed. We will 
consider first the former, the heat-reversible systems, or soluble colloids 
as they are called in the preceding pages. | 

Heat-reversible colloidal miatures. Up to the present nothing has 
been known and but little even conjectured as to the relation of such 
mixtures as gelatine-water, or agar and water to other states of matter. 
I have, I think, obtained experimental proof that they may be regarded 
as special cases of partially miscible fluids. 

Agar-agar and water was the mixture experimented with. It was 
prepared free from diffusible bodies. By small pressure a jelly holding 
1 gram agar in 100 c.c. may be separated into two parts; (a) a solution 
of water in agar, (b) a solution of agar in water. The former is at 15° 
a solid solution. These two solutions form a binary system of partially 
miscible solutions—that is to say they are completely miscible above a 
certain temperature, in which state a homogeneous fluid is formed 
which is a solution of agar in water. Below a certain temperature the 
homogeneous liquid divides into a pair of liquids which are separated 
by a surface across which diffusion occurs. Such a pair of liquids 
have been called conjugate liquids’. 

With still falling temperature one phase of the pair—the solution 
of water in agar—becomes a solid solution, the solid phase forming first 
as a membrane at the surface. This change is the cause of the change 
in the whole system whereby it sets to a jelly. This agar-water system 
therefore resembles a mixture of for instance phenol and water. Above 
80° phenol and water are miscible in all proportions; below that 
temperature if more than 71 or less than 76°/, of phenol is present the 
mixture forms a pair of conjugates, one a solution of phenol in water, 
the other a solution of water in phenol. What is known of these 
mixtures is almost entirely due to the work of Alexejeff*. The chief _ 
properties which have been determined for partially miscible liquids 


1 Neville. Science Progress, tv. p. 77. 1895. 
2 Annalen der Physik und Chemie, N.F. xxvii. p. 305, 
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are that the composition of the two phases of the conjugate is inde- 
pendent of the total composition of the entire mixture, but is 
determined by temperature. These two relations hold for agar-water. 
In a mixture holding 3°5°/, (grams agar per 100 c.c.), at 15° the solution 
of agar in water phase contained 0°45°/, agar; while in a mixture 
holding 1°/, agar at the same temperature the same phase also had 
0°45°/, agar. On the other hand the percentage composition of the 
two phases was found to vary with the temperature. Thus, taking the 
same phase of a mixture holding 2°5°/, agar the figures obtained were 


+1 

10°5 0°42 
32 1:00 
42 1°66 


The difference between the agar-water system and any partially 
miscible fluids hitherto investigated lies in the contour of the surface 
of contact of the conjugates. In phenol-water, ether-water, or any 
such systems the surface is a plane—that is to say, it is minimal. In 
the agar-water system it is curved and discontinuous, so that when the 
conjugates form, one phase separates as droplets immersed in the other. 
It will, I think, be possible to refer this peculiar feature to the very 
great difference in the mobility of the molecules of the two constituents 
of the mixture—the agar and the water. Owing to this feature the 
system attains true equilibrium very slowly indeed—in the case of e.g. 
gelatine holding 2°5°/, solids only after many months. 

Apart from this difference a mixture of agar and water closely 
resembles a mixture of salicylic acid and water’. Salicylic acid has a 
high melting point (151°), but when heated under water to 100° it 
melts, forming a fluid hydrate which becomes miscible with water at 
106°. On cooling this mixture it separates into conjugates. Thus this 
substance, like agar, is solid at ordinary temperatures but forms a fluid 
hydrate which in turn forms a partially miscible system with water. 

The actual configuration of these soluble jellies can be studied with 
even low powers of the microscope by using ternary instead of binary 
mixtures. Alcohol, pure gelatine’, and water form such a ternary 
mixture. If 13°5 grams gelatine are mixed with 50 c.c. H,O and 50 cc. 
absolute alcohol, one has a mixture which is homogeneous at about 17°, 


1 Alexejeff. loc. cit. 


2 That is gelatine freed from diffusible substances by washing with distilled water for 
some months, 
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but which forms a pair of conjugates below this temperature. The 
changes on cooling as seen on the stage of the microscope are these— 
when the temperature reaches 17° small droplets appear in the homo- 
geneous fluid which attain a maximal size of 3u. The droplets are at 
first separate and fluid; owing to their presence the viscosity of the 
mixture very much increases. As temperature falls the droplets adhere 
to one another, forming a framework which at 12° is composed of a 


solid solution composed of spherical masses hanging together to form 


anastomosing threads. The droplets slightly deform each other where 
they touch. At this stage the entire mass forms a jelly. At 14° the 
_ distribution of gelatine in the two phases is as follows :—100 c.c. of the 
droplets holds 18 grams gelatine; 100 c.c. of the nexus fluid holds 
5°5 grams gelatine. 

Ternary mixtures have been studied only by Duclaux’. They are 
formed most readily by converting a pair of immiscible fluids into 
. partially miscible fluids by the addition of a third substance, which 
dissolves both. His figures, as Ostwald points out’, show that these 
mixtures behave in a simple manner resembling a binary system if the 
solubility of the two immiscible substances in the common solvent is 
approximately the same. If the solubility is very different then the 
relations are complex. A mixture of benzene, acetic acid and water is 
a system of this kind. The common solvent is the acetic acid, but 
whereas water and acetic acid readily mix with rise of temperature, 
benzene and acetic acid only mix freely at temperature above 15°. In 
this case the distribution of the constituents in the conjugates varies 
widely with variations in the composition of the whole mass. 

Gelatine, water and alcohol form a ternary mixture of this type. 
The common solvent is water—it mixes freely and in all proportions 
with alcohol with liberation of heat: it is only completely miscible 
with gelatine at temperatures above + 40°. Therefore one finds that 
the distribution of the constituents in the two phases is much altered 
by changes in their relative proportions in the entire mass. So far I 
have only studied the effect of changes in the amount of gelatine on 
the distribution of this substance. Stated in grams in 100 c.c. the 
figures are as follows :— 


mixture droplets nexus fluid 
6°7 17 2 
T'= 15° 13°5 18 5°5 
36°5 8°5 +40 


1 Ann. Chem. Phys. (5) 1. p, 264. 1876. 
2 Lehrbuch d. allgem. Chemie, 2nd Ed, Vol. 1. p. 821, 1891. 
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These figures illustrate a remarkable property of these mixtures 
which appears to hold whether they are binary or ternary mixtures. 
In the particular case under consideration the gelatine is chiefly 
contained in the droplets up to a mixture holding 13°5°/,; somewhere 
between this and 36°5°/, the system becomes inverted’—the droplets 
now containing the smaller quantity of gelatine. Thus if the mixture | 
with the lower concentration is: heated until it is homogeneous and 
then allowed to cool it separates into droplets containing a large 
amount of gelatine which at a slightly lower temperature become solid 
solutions of water and alcohol in gelatine. Therefore in the jelly stage 
the framework is a solid net holding fluid in its interstices. In the 
case of the mixture with a higher gelatine content the configuration of 
the jelly is the exact converse. As cooling goes on in this case droplets 
separate with a small gelatine content, and it is the nexus fluid which 
passes into the stage of solid solution. The droplets in the latter case 


_ therefore are quite regular vesicles 10y in diameter. 


There are therefore theoretically three states in which these 
mixtures of water and solid forming the class of heat-reversible or 
soluble colloids can be, namely, (1) a homogeneous fluid; (2) a hetero- 
geneous fluid, having the form of an emulsion of conjugate, as opposed 
to immiscible, fluids; (3) a pair of conjugates, one a fluid, the other a 
solid solution. In the third state the configuration as already pointed 
out differs remarkably according to concentration. The reaction of 


such a system to external agencies varies according to the state in 


which it happens to be; in the third state for instance, not only is 
there the interdiffusion between the two phases but also capillary 
phenomena are manifested. Mixtures of agar and water, gelatine and 
water, certain carbohydrates and water, such as in Lyle’s golden syrup, 
are in one or the other state according to the relative amounts of the 
constituents present and the temperature. The conjugate state is 
reached at ordinary temperature in the two first-named mixtures, even 
when the concentration of water is very great; in the last case however 
the concentration of water must be small and the temperature low. 

It is clear that of these states one, the solid or gel state, is of 
secondary importance—that is to say, it is dependent upon the formation 
of a membrane at the surface of separation of the conjugates, or upon 
the passage of one phase into the state of solid solution. This point 
may be made clear by an experiment which was suggested by my 


1 That is the major part of the gelatine changes from the concave to the convex side of 
the surface of separation. 
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friend Mr Neville. Ether and water form a pair of conjugates which 
are separated by a plane surface. If they are violently shaken an 
emulsion is produced which is however unstable and passes rapidly into 
the stable state in which the surface of contact is minimal. The 
emulsive stage may however be made permanent so that a jelly-like 
mass of adherent droplets is produced by the introduction into the 
system of a substance whose solubility in the two phases is very 
different, and which is a solid at ordinary temperatures. Thus if water 
is saturated with iodine and then shaken with ether a permanent 
emulsion is formed, the droplets of which adhere to form a jelly-like 
mass. On warming, the droplets fuse and the jelly stage vanishes. 
The phenomenon is due to the formation of a tenacious film of con- 
centrated iodine at the surface of the droplets. 


The phenomenon is related to the fact that iodine is solid at 


ordinary temperatures. Bromine is fluid at ordinary temperatures. It 
has, however, about the same relative solubility in the two phases as 
has iodine. In spite of this however an ether-water-bromine mixture 
made in the same way will not form a permanent emulsion, nor will it 
make a jelly. The iodine-water-ether mixture manifests a striking 
property of soluble colloids, namely that it forms very permanent 
foams. One might also point out in passing that the vapour-pressure 
of the iodine would be quite abnormally low. It would be thet of the 
minute amount dissolved in the nexus fluid. 

The formation of a surface film on droplets was observed by 


M. Traube? in a variety of cases, by Lehmann’, and by myself in the 


case of ternary mixtures holding gelatine. 

These facts and conclusions show that the class of heat-reversible 
colloidal mixtures may possibly include members which at no con- 
centration form gels, though at certain temperatures and concentrations 
they may form conjugates. ) 

One may perhaps regard the proteid-water system, or rather the 
egg-white-water system, as being one of these for the following 
reasons. So long as the changes of temperature are kept within those 
limits which do not destroy the system by producing chemical change, 
the changes of viscosity are of the same sign as those of aqueous 
solutions of agar or gelatine, and of the opposite sign to those of a 
solution of silica—that is to say, irreversible molecular aggregates are 
not formed on raising the temperature. The change in viscosity 


1 Arch. Anat, u. Physiol. pp. 88, 129. 1867. 
2 Molekularphysik, 1. p. 508. Leipzig, 1888, 
PH. XXIV. 13 
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produced by varying the concentration of the egg-white differs from 
that produced by changes in the concentration in true solution. The 
only data are those furnished by Bottazzi'. His figures do not stand 
very close together but they show that the viscosity of proteid solutions 
does not change continuously with changes in concentration as it does 
in crystalloid solutions, but it changes per saltum. That is to say, there 
is a critical concentration marked by a sudden and extraordinarily great 
increase in viscosity above the values for lower concentrations. This 
cannot be due to change in the size of the molecular aggregates, for 
that would proceed continuously with change in concentration. It 

would however be produced by change from a homogeneous fluid to a 
pair of conjugates with a very large surface of contact’. 

Colloidal miatures which form irreversible molecular aggregates 
when they pass into the gel state. These mixtures have been examined 
by a number of physicists. In the fluid state the relations of the solid 
and fluid are very far removed from those found in true solution, so far 
indeed as to render conclusions as to eg. molecular weights, derived 
from the application of laws which are known to be true only for 
crystalloid solution in its most perfect form, that is when concentration is 
very small, worthless to the verge of ridicule. These colloidal solutions 
cannot be discriminated from non-settling suspensions of solid particles 
in a fluid medium such as those of gold in water which were prepared 
by Faraday, and are still preserved at the Royal Institution. The 
characteristic phenomena which they manifest are the following. 

The molecular aggregates which form the dispersed particle of solid 
become larger by a process of clumping as a result of the presence of 
electrolytes—that is of salts; and the process is aided by a rise of 
temperature. The action of electrolytes in increasing the size of the 
molecular aggregates was worked out by Picton and Linder’ with the 
aid of various optical methods including the microscope. If the 
concentration of the electrolyte is sufficient however the internal 
changes proceed beyond the simple increase in the size of the molecular 
aggregates to the actual solidification of the entire mass—that is to the 


1 Arch, Italienne de Biol. xxx. p. 401. 1898. | 

2 To safeguard myself from misconception I must point out that the viscosity of col- 
loidal solutions is probably of different origin from that of the viscosity of crystalloid 
solutions. A clue to its nature is found in the experiments of Frankenheim (Journ. f. 
prakt. Chem. uv. p. 433. 1851) on the influence of suspended particles upon fluid proper- 
ties. I hope to discuss this and kindred points elsewhere. 

* Trans. Chem. Soc, Lxvi. p. 68. 1895. 
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point of coagulation of the mixture. It is obvious therefore that there. 
exists some connection between the size of the particles and the process 
of coagulation, and Graham I believe somewhere suggests it. One | 
obvious inference from the facts is that when the molecular aggregates 
attain a certain size the fluid condition is no longer possible ; this would 
follow immediately from Graham’s observation that actual coagulation 
is preceded by a continuous increase in the viscosity of the liquid. 
I have been able to follow the entire change from the hydrosol to the 
hydrogel under the microscope, so that it is possible now to give a 
connected account of the mechanism of coagulation. Before proceeding 
_ to this I may note in passing that the similarity of these colloidal 
solutions to simple suspensions, such as e.g. China clay in water, is borne 
out by the fact that electrolytes and temperature act on both alike, in 
making the discrete particles of solid larger by a process of aggte- 
gation’. 

The generic action of salts as coagulants, as distinguished from any 
specific chemical action, was first discovered by Graham, and has since — 
been thoroughly investigated by Schulze’, Prost’, and Picton and 
Linder‘. Putting the facts and conclusions reached by these workers 
together and adding my own observations the conditions which de- 
termine coagulation may be stated as follows :— 

(1) The point at which coagulation occurs is determined by the 
concentration of the solid—e.g. silica in the colloidal mixture, the 
temperature, and the molecular concentration’ and nature of the 
electrolytes which are present. 

(2) The concentration necessary for coagulation is lowered by a 
rise of temperature, or by an electrolyte. 

, (3) The coagulative energy of electrolytes as measured by the 

number of gram-equivalents per litre necessary to produce coagulation 
is determined almost solely by the nature of the metal of the salt; and 
among the metals themselves it is determined by the valency of the 
metal. The coagulative energy of metals of different valency is 
in the ratio 


1 Cf. Bodlinder. Neues Jahrbuch f. Mineralogie, u, p. 147. 1893. 
2 Journ. f. prakt. Chem. xxv. p. 481. 1882; ibid, xxvit. 320. 1883. 
3 Bull. d. VAcad. Roy. d, Sci. d. Belg. Ser. 3. x1v. p. 312. 1887. 

4 loc. cit. 

5 That is gram molecules per litre, 
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(4) If two electrolytes are present then the action is additive if 
the metals are of the same valency, and subtractive if of different 
valency. Therefore there is interference between e.g. salts of the form 
R'Ac* and R” Ac*—the one “inhibits” the other. 

These relations therefore are exceedingly definite and seem to hold 
for all colloidal mixtures which form irreversible aggregates; and they 
differ as widely as possible from the relations which govern alteration 
in the conditions of colloidal mixtures of the heat-reversible type’. 

Those colloidal mixtures which form irreversible molecular ag- 
gregates in the process of forming a gel may unhesitatingly be placed 
in the class we are considering together with the type examples—silicic 
acid and certain metallic hydrosulphides, or hydrates and water. 

Such a mixture is the one which is produced by boiling a filtered 
solution of egg-white in water containing + 1 gram solids per 100 c.c. 
Haycraft and Duggen? first pointed out that if white of egg be 
diluted by the addition of about 8 volumes of water and boiled it does 
not coagulate but merely “becomes a little milky.” If calcium or 
barium chloride or sulphate of magnesium be added to the fluid after 
boiling it readily coagulates, forming a gel either at the temperature of 
the air or at some higher temperature determined chiefly by the amount 
of the salt added*. I have reinvestigated these phenomena and I 
find that this heat-modified solution of egg-white forms irreversible 
molecular aggregates which may or may not proceed to the stage of 
coagulation under those conditions which characterise the colloidal 
mixture of the silica-water class. The mixture coagulates when the 
molecular concentration of the electrolytes which are present reaches a 
certain point which, for a given temperature, is determined by the 
valency of the metal. It is in this particular case that I have followed 
the events in coagulation from the process of formation of larger and 
larger aggregates, at which stage Picton and Linder left it, to the 
actual formation of a firm gel. The events are easily seen under the. 
microscope because the refractive index of the aggregates is very different 
from that of the fluid in which they lie and they rapidly grow to a 
relatively large size (0°75 to 1). The simplest method is the following. 
A thin thread of silk is dipped in some solution of a salt (eg. a 2°/, 
solution of calcium chloride) and laid on a slide, over this is placed 
a coverslip, and the boiled solution of egg-white is allowed to fill the 


1 Cf. for example Pascheles. Pfliiger’s Archiv, uxx1. p. 383. 1898. 
2 Brit. Med. Journ. p. 167. 1890. 
Ringer, This Journal, xu. p. 378. 1891. 
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space. The coagulum may be watched as it gradually forms round the 
silk thread. A magnification of 500 diameters is sufficient. The fluid 
at first is free from visible particles. We know however from Picton 
and Linder’s work that the heat by chemically altering the dissolved 
proteid has by a process of desolution, to use Lord Rayleigh’s word, 
produced a suspension of particles having an average diameter com- 
mensurable with the mean wave-length of light. Under the influence 
of electrolytes these particles aggregate to larger and larger masses, so 
that one first sees near the silk thread a fine cloud, the particles in 
which grow in size until they form spherules having a maximum 
diameter of 0°75 to lu. They are now seen to be arranged in patterns 
forming an open net with regular polygonal meshes having diagonals as 
long as 6y. The threads of the net are formed of contiguous spherules, 
This stage however is not one of equilibrium—the net shrinks, the 
meshes become smaller and the spherules apparently shift their points 
of attachment until, in place of being bounded by threads composed. 
of several spherules, the image has the appearance of the typical fine 
net with spherules at the nodal points joined by tiny threads. Whether 
these joining-threads or bars have a real existence, or whether they 
_ are purely optical and the spherules actually touch one another it is 
impossible to say at present. One important point struck me, namely 
that when the particles are large enough to be clearly visible with 
a magnification of 500 diams. they do not show Brownian movement— 
in other words they are probably already in some way linked to one 
another. 

This then is the process of coagulation. To complete what can be 
said concerning the mechanism, a few words would need to be devoted 
to the nature of the directive force which aggregates the particle 
to visible spherules and then links these together in a definite figure. 
This matter, however, will be dealt with in a paper on coagulation 
produced by electricity. 

Action of reagents wpon heat-reversible colloidal miatures. This 
can best be considered by dealing first with gelatine. Mercuric chloride 
and alcohol have the same action. The latter, as we have already seen, 
forms a ternary mixture with gelatine and water which, at certain 
concentrations and within certain limits of temperature forms a pair of 
conjugate fluids. Sublimate, gelatine and water also form mixtures 
which are fluid above certain temperatures and which on cooling form 
a pair of conjugate fluids, one of which on still further cooling becomes 
a solid solution. To give an example, one part of a 50°/, solution of 
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gelatine mixed with twice its volume of a saturated aqueous solution of 
mercuric chloride is fluid above 50°, and as the temperature falls it 
undergoes the changes described above. 

The figure of the conjugate fluids differs according to the con- 
centration of the gelatine in the mixture. If the mixture of gelatine 
and water contains more than 4°/, of the former the droplets are 
fluid ; and the figure in the gel stage is that of a solid mass with vesicles 
hollowed out of it. If the percentage is less the figure is the obverse— 
an open net of solid solution is formed having fluid in its spaces. The 
configuration is not destroyed when the water is replaced by alcohol 
and the sublimate dissolved out by iodine. 

If the sublimate is dissolved out, as ¢.g. by an aqueous solution of 
sodium chloride, the coarse figure reverts to the much finer structure of 
the gelatine-water system. 

Formaline, at any rate when in excess, has a different action. The 
gelatine is altered so that it becomes permanently and absolutely 
insoluble in water. The jelly which it now forms behaves like a jelly 
of silicic acid and water—it shrinks on warming. Its physical characters 
are unaltered by complete removal of any free formaline and exposure 
to distilled water for 10 months. The structure of this gel is that of 
an open net holding fluid in its interstices. I have found this figure in 
all the true insoluble gels which undergo shrinkage on warming which 
I have examined. 

These are thus two extreme cases. In the first the primary system 
is modified in degree but not in kind by the introduction of a third 
substance. It remains a heat-reversible system. In configuration the 
sole change in the particular cases examined was a decrease in the 
surface of contact of the conjugates. In the second case the primary 
system is destroyed and a new one formed belonging to another group 
of colloidal mixtures. With this change an entirely new configuration 
appears, 

All the fixing agents examined act on egg-white as formaline does 
upon gelatine, with the possible exception of osmic acid in minimal 
amounts. Therefore an irreversible change is produced, and a true 
insoluble phase having the typical open net structure, even when the 
concentration is pushed as high as 60 °/, solids is the result. 

The entire process, as we have seen, can be completely followed 
in the case of heat fixation, by using dilute solutions, sontanning only 
1-0 to 1°5 grams of coagulable solids per 100 c.c. 

Two stages are then clearly recognisable; in the first there is 
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formed by the action of temperature upon the egg-white a colloidal 
mixture of the silicic acid and water type, the dissolved colloidal 
matter undergoing a process of desolution in the change; in the second 
the new system so produced, following its own laws, forms irreversible 
molecular aggregates which may or may not link themselves together 
to form the open network of solid according to the concentration of 
the colloidal solid, the concentration and nature of the electrolytes 
present, and the temperature. This statement constitutes a first 
approximate conception of the physical events in fixation when an 
insoluble modification is produced. 

The conclusion that two types of structure are met with in heat- 
soluble gels can fortunately be freed from the doubt which would 
always attach to it, if it depended solely upon the interpretation of 
appearances seen with high magnification. The transition from the 
gel built up of adherent droplets of solid solution—the solid-within 
type—to the gel built of a continuous solid frame with enclosed droplets 
of fluid solution, or the solid-without type, can be followed in ternary 
systems with lenses of a focal length long enough to eliminate diffrac- 
tion errors. And, secondly, the inversion of the system is marked in 
the pressure experiments by a great rise in the pressure necessary 
to separate the conjugates, so that from pounds on the square inch 
it rises to hundredweights. If, however, the solid-without system 
is mechanically destroyed, the fluid conjugate can be separated by 
comparatively slight pressure. Thus the fluid conjugate is separated 
by a centrifugal machine if a layer of fine sand is placed above the gel. 
The sand particles are driven through the gel, and in their passage they 
cut open the walls of the fluid droplets. 

For the same reason, namely the ease with which fluid can be 
expressed from it, we may rest absolutely certain that the figure of the 
true insoluble gel, the gel of silicic acid, of egg-white fixed by heat, 
sublimate, etc., is that of an open net. On the other hand, the detailed 
configuration of this net is arrived at solely by inference from an image, 
the dimensions of the parts of which are in some cases of the same 
order as the diffraction phenomena of a lens of 2 mm. focal length— 
that is of the lens used to produce the image. 

The effect of fixing reagents upon a pre-emistent net of insoluble 
colloid. This point was examined at some length. An insoluble gel. 
was made from 13°/, and 6°5°/, of solutions of egg-white with the aid 
of potassium sulphocyanate. Excess salt was allowed to diffuse out into 
distilled water, and the final product was a firm white jelly in which 
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a net could be demonstrated by sections cut with the freezing micro- 
tome. Portions of this jelly were treated, just as though they were 
bits of tissue, with 1°/, ammonium bichromate, osmic vapour, or 
the saturate solution of corrosive sublimate. Sections were cut from 
paraffin, 

The results of the various experiments were the following. The 
pre-existent net is not markedly altered by treatment with fixing 
reagents. The meshes were distinctly smaller, but the figure was 
otherwise unchanged. The meshes were smallest in the specimens 
which had been treated with the vapour of osmic acid. That, however, 
I regarded as the effect of slight drying and consequent shrinkage 
of the mass. | 

Influence of solid particles when present in a colloidal solution before 
fixation. This appears to me to be a particularly important point from 
its practical bearing. Carmine of various grades of fineness was pre- 
pared by suspending ordinary carmine in distilled water, and separating 
the precipitates which fell during the third and fourth hours, and the 
second and third twenty-four hours. The carmine so separated was 
added in varying quantities to solutions of white of egg, which were 
then fixed with corrosive sublimate and imbedded in paraffin. Exami- 
nation of sections seemed to establish the following points :— 

(1) The carmine grains occupy nodal points in the net and modify 
within wide limits the size of the meshes and therefore also the 
thickness of the bars. 

(2) The larger the grains and, up to certain limits, the fewer, the 
wider are the meshes and the thicker the bars. The grains of carmine 
commonly occurred in patches between which one had regions fairly 
free from solid particles. A study of such sections showed that when 
the grains were larger than the mesh in the grain-free parts of the 
colloid—that is to say the mesh formed in the absence of solid 
particles—the effect of a group of grains was to cause the mesh to 
widen out very much. If the grains are sufficiently numerous then 
each nodal point contains, or is formed, by one. If however they 
are too few and scattered the normal net is formed, but opens out 
here and there to lodge a single grain, or a group of grains on its 
nodal points (Fig. 2). So we may conclude that the grains modify the 
size of the meshes and the thickness of the bars by their number and 
their size. 

Carmine grains correspond in their insoluble solid nature with the 
granule of the secretory cells of for instance the frog’s pancreas and 
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the coarsely granular blood cells of the same animal; and not with such 
soluble, swellable granules as those of mucin secretory cells, or of the 
coarsely granular blood cells of the crayfish. 

Fiwation under stress. In thinking over the nature of the evidence 
which supports the view that the cell protoplasm has a fibrillar or 
reticular structure I came to the conclusion that the spindle and aster 
of dividing cells furnished the strongest proof. It occurred to me 
however that the fibrous appearance seen in cells under these con- 
ditions might be due not to a pre-existent structure, but to pre- existent 
stresses which would fashion the figure of the net, so that the latter 


would be, as it were, a coarse diagram of a dynamic phase of the cell . 


history. I was not then aware that Biitschli had actually shown that 
a fibrillate appearance can be seen in the threads of coagulated 
albumen which are formed when “filtered albumen is sprinkled by 
means of a paint-brush into a drop of: picro-sulphuric-osmic acid on a 
slide,” and that he had come to the conclusion that “the fibrillar 
structure had already been produced before the coagulation by the 
drawing out of the fluid white of egg into threads.” 

My own experiments differ slightly from those of Biitschli. They 
included the fixation of films of solution when stretched, and of a 
solution immediately after it had been mechanically sheared. Films 
of soap and egg-white of fair thickness can be made to stretch across 
a ring of cork. When the film was made a tiny drop of mercury was 
rolled on to it and the film was then fixed by alcohol in the former 
or sublimate in the latter case. In other cases stretched films were 
made by pouring a colloid solution over a drop of mercury on the 
slide. A fibrillar appearance radiating from the centre of application 
of the stress can be seen in either case after fixation. Another method 
is to draw a small quantity of colloidal solution along a slide with e.g. 
the point of a needle or a glass rod and then to fix it at once. In 
favourable cases the appearance of fibrille is so striking that they look as 
if one might isolate them by teasing. 

The phenomenon is due to the well-known “after action” phenomena 
of colloids; which in turn is due to the fact that they are capable of 
retaining a shear strain. When colloidal fluids are sheared they become 
doubly refractive, and in this way Maxwell? demonstrates the existence 
of a shear strain in Canada balsam. The “rate of relaxation,” as 
Maxwell called it, of balsam is however so great that the double 


1 Protoplasm and Microscopic Foams, p. 218. 
* Proc. Roy. Soc, xxu. p. 46, 1873. 
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refraction does not survive this shearing motion. Klocke’ demon- 
strated double refraction due to strain in a way which especially 
touches our subject. He stretched thin films of gelatine over tin- | 
foil frames; then, as the films dried, they tended to contract but were 
unable to do so owing to the rigid frames. The films therefore became 
strained in drying and when dry they were found to be doubly refrac- 
tive. The more viscid the colloid the more marked is the “survival” 
shear as one might call it. This is obvious since the phenomenon 
depends upon internal friction. Therefore, as Kundt? showed it, as 
too elusive to be demonstrated at all in pure fluids. Soft wax on the 
contrary manifests the phenomenon to an amazing extent®. Now we 
may look upon the undoubted fact that an internal strain is as it were 
visible after coagulation of a colloid mass in the fibrillar aspect and 
disposition of the fibrils in the direction of the lines of force in two 
ways. | 

We may say that shearing a colloidal mass, fluid or solid, actually 
does produce internal heterogeneity or, simply, structure, which is fixed 
by the process of coagulation. Or we may say that, though the strain 
does unquestionably dispose the molecules in some definite linear 
pattern, as is clearly proved by the phenomenon of double refraction, 
yet the pattern is not identical with that found in the coagulated 
colloid, though it certainly does condition the rearrangement of solid and 

liquid in such a way as to produce that pattern. 

) Whichever be true it is clear that neither view atiords any support 
whatever to the hypothesis that the cell-substance is composed of two 
different kinds of material. The internal structure developed as a 
result of strain may appear in a mass previously homogeneous and has 
nothing in common with for instance filar and interfilar substances, or 
with spongioplasm and hyaloplasm, as those words are used by the 
histologist. 

The more purely physical aspect of this last question is of interest. 
In the first place, if we define a fluid by an inversion of Maxwell’s 
definition of a solid as a mass which is incapable.of maintaining its 
shape when exposed to forces which are not equal in all directions, 


1 Neues Jahrbuch f. Mineralogie, 1. 1881; or Lehmann’s Molecular Physics, Vol. 1 
p. 533. 
Ann, Phys. Chem. xu. p. 110. 1881. 

%’ Kohlrausch, quoted by Lehmann, loc. cit. Speaking of the after-movements of 
a wax cylinder he says, ‘‘Ich kenne wenig so iiberraschende Vorgiinge, wie diese freiwilli- 
ngen eines leblosen Kérpers.” 
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then it is clear that colloidal solutions depart from the definition and 
approach the solid state just so far as their molecules have fixed 
positions in the mass and are therefore capable of manifesting “sur- 
vival” shear. That view of the liquid state first set forth by Poisson 
and developed by Maxwell which has been revived lately by Poynting 
offers an explanation of the phenomenon. According to it a liquid may 
be “in the main a solid structure inasmuch as the molecules cohere and 
resist strain of any kind. But the molecules have so much energy 
that......the solid structure is continually breaking down and renewing 
itself. If we impose a shear strain on the structure, the strain will of 
course disappear with the structure in which it is produced’.” Colloidal 
mixtures of fluid and solid depart from this fluid condition inasmuch as 
the strain does persist for a certain period; and this would imply an 
equivalent survival of the structure in which it was produced. 

The principle involved in this discussion may be applied to an 
observation made by Engelmann. Threads of cell-substance such 
as for instance the fine pseudopodia of Foraminifera frequently 
manifest a double streaming; the direction of the stream on one 
side of the thread being outwards, on the other inwards. Engelmann 
showed that the thread under these conditions is doubly refractive and, 
in the light of what has been said, we may regard this as due to the 
shear strain imposed upon the substance at, and | on each side of, the 
surface of separation of the two streams. 

The effect of cold upon colloids. This investigation yielded results 
of some interest to the histologist. If a portion of a gel containing 
1°5 °/, approximately pure gelatine be cooled while on the stage of the 
microscope it shows no change which can be detected by a magnifica- 
tion of 450 diameters until the temperature has fallen to 1°C. when 
exceedingly minute droplets about 05 in diameter appear in its 
substance. At about —1°C. there is a very rapid change from this 
condition to a honeycomb or sponge-like arrangement*. The solid 
matter disposes itself in bars or lamellae having a very constant thick- 
ness of about 24. The meshes of the structure are rounded and 
_have an internal diameter of 20 to 30m. Fluid can readily be 
expressed from such a sponge, and it was found to contain 0°1°/, of 
solid matter. I was unable to satisfy myself as to the nature of 


1 Phil. Mag. x11. p. 289. 1896. 

2 Temperatures were more carefully determined for 2°/, agar. The sponge appears at 
—5°75°. Even ten minutes exposure to —4°5° or —°5° produces only slight cloudin 
due to formation of evenly dispersed droplets each about 0°5 » in diameter. 
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this small amount of solid. At a slightly lower temperature the 
fluid within the spaces deposits a mass of ice crystals. The gel is 
transparent, or at any rate translucent, until the ice crystals appear. 
There are thus three stages of the solid; the ordinary gel which exists 
between 26° and 1°; the condition with minute droplets and the honey- 
comb with fluid-containing spaces 1° to —1°, and the stage with ice 
crystals from —1° downwards. The changes in the second stage are so 
rapid that I succeeded in recognising the beginning and the end only. 
There is therefore as it were a critical point about zero in the case of 
the gelatine, or about —5°5° in the case of 2°/, agar when the gel 
assumes the structural features of an “insoluble” gel. The reverse 
changes differ very much in the temperatures at which they occur. 
The quite unimportant point, namely, the melting of the ice crystals, 
occurs at the same temperature as their formation, and the transparent 
or translucent spongy gel holding fluid is reformed. This retains its 
sponge-like character until a temperature of about 26° is reached in 
the case of gelatine, and +75° in the case of agar, when it passes almost 
abruptly into the fluid state’. 

If the cooling is carried only so far as to cause the appearance of the 
smal] droplets and the temperature is theu allowed to rise, the droplets, 
unlike the sponge structure, gradually shrink and disappear and the gel 
once more becomes glass-like and optically homogeneous. 

If the melted gelatine is very rapidly cooled to the critical point the 
first stage of the solid condition is completely cut out. Thus, if a small 
- of 1°5°/, gelatine solution at 90° be placed on a glass plate cooled 

— 15° the edges at once become solid owing to the formation of a 
a the bars of which project into the central still fluid portion. 

The spongy gel formed by the action of cold therefore is stable over 
a large range of temperature, and within this range it behaves in some 
respects like an insoluble gel, in that it undergoes spontaneous shrink- 


age with expression of fluid, and the shrinkage, the syneresis, is 


hastened by a rise of temperature up to a certain point. There is 
therefore true cold fixation. Cold causes a separation of solid and 
liquid; and this leads to the formation of a structure which meengam 
during a considerable rise of temperature. 

The significance of these facts may be shown by applying them to a 


1 The description in the text may be condensed into this statement. When soluble 
gels are cooled below a certain critical temperature the new condition imposed on them is 
no longer simply reversible by a small rise of temperature above the point of change. 
The conditions of the change therefore recall the phenomena of hysteresis. 
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special case. They make it clear that the expression of Kuhne’s muscle 
_ plasma from muscle fibres which have been frozen is no evidence of the 
presence of a distinct fluid constituent in the living muscle substance. 

Optical homogeneity of very thin films after fixation. An observation 
which at first sight appears to offer conclusive proof of the hypothesis 
that the living cell-substance is composed of two distinct portions was 
made by Schafer on leucocytes fixed by heat. He found that the thin 
pseudopodial expansions differed from the rest of the cell-body in 
showing no net and in being resistant to stains. He therefore urges 
that they are composed of different material—the hyaloplasm—which 
has flowed out of the spongioplasmic framework of the cell-body. 

The observation will not bear this interpretation since thin films of 
a simple colloid solution, such as white of egg, show the same resistance 
to stains and are apparently homogeneous after fixation by heat. These 
unstained homogeneous films are produced at the edge of a layer of 
colloid and they are commonly separated by an abrupt line from the 
thicker part which manifests a net and stains deeply with hematoxylin, 
or other dyes. 

These edge films do not owe their characters to drying since they 
are seen at the junction line of white of egg and olive oil when the 
former is coagulated, when the colloid solution is fixed while actually 
flowing over the surface, and also within the colloid mass itself in thin 
films which are formed between contiguous air-bubbles. 

They may readily be made bv dipping the corner of two coverslips 
held in the forceps into a solution of white of egg and at once fixing 
by momentary immersion in a steam jet. The preparation may then 
be examined in water, alcohol, or, after staining, in balsam. If the 
fixation was quickly done the colloid solution will have penetrated 
only a few millimetres from the corner; it was therefore fixed while 
still flowing. Figure 10 is a drawing of an edge film; it shows the 
abrupt transition from the non-staining to the staining portions. 
Figure 9 shows the optically structureless film at the junction of 
two air-bubbles. 

_ To my mind the phenomenon deprives Schafer’s observation of any 
great weight. The fact that thin pseudopodial films are clear and 
unstaining ceases to be conclusive evidence that they are composed of 
material which is permanently different from the staining mass which 
constitutes the cell body. : 

_ The phenomenon is probably related to the fact that when colloidal 
mixtures separate to form conjugates a thin layer next the surface 
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remains homogeneous. The depth of this layer appears to bear some 
definite numerical relation to the diameter of the droplets. 


II. STRUCTURE PRODUCED BY SUB-MORTEM OR POST-MORTEM 
CHANGE IN THE CELL. 


Fixation and clotting. In the foregoing sections the process of 
fixation is considered much as if it was the same as clotting. This has 
been done because the redistribution of solid and liquid is the same in 
both cases. In the clotting of e.g. blood plasma irreversible molecular 
aggregates are formed by a process of desolution and the aggregates 
become grouped together to form a solid sponge traversing the fluid. 

If now we discard the distinction between clotting and coagulation 
and retain only one word then the following methods of production of 
an insoluble gel can be recognised :— 

(i) Coagulation without concurrent chemical change. An aqueous 
solution of silicic acid will set to a gel on mere lapse of time, or 
at once if powdered graphite be added to it. A solution of celloidine in 
a mixture of ether and absolute alcohol coagulates when exposed to the 
vapour of chloroform. 

(ii) Coagulation with concurrent chemical change. There are three 


modes by which this may be brought about: (a) by heat, (b) by 


ferments, and (c) by chemical reagents. In the last class falls the 
process of “ fixation”; and somewhere in the three classes will fall the 
coagulation which the whole or a portion of living matter undergoes 
when it dies. 

Therefore, and this is the practical outcome of hae considerations, 
a relatively solid framework may be formed in the cell-substance, either 
(1) by what we may call the spontaneous coagulation of the death 
change, or (2) by the action of reagents in fixation. If a continuous 
framework is to be formed then, as our experiments on simple colloids 
show, the process of desolution must separate a considerable proportion 
of insoluble matter. If only a small quantity is separated a vataaal 
deposit will result. 

In the process of fixation, until proof to the contrary is forth- 
coming, we must recognise the following possibilities. The separation 
of practically the whole of the solid matter as a coarse framework by 
such a reagent as corrosive sublimate; or a discriminative action 
whereby, as Fisscher’s experiments show (cp. p. 161), part may be 


- separated as a framework, part as granules, 
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Structure due to the presence of, or to post-mortem changes in, secretion 


masses. The production of a false appearance of structure in cell- 
protoplasm by “secretion masses,” as Flemming styled them, has been 
dealt with by histologists in special cases only. 

Flemming writes that before one can take the appearances seen in 
preparations as true “vital structure” it is necessary to be very 
vigilant lest things which have no resemblance to such living structures 
are taken for them. The first case which he chooses as an instance of 
things which have no relation to living structure is the net seen in gland 
cells, for these cells hold (1) cell-substance, (2) secretion masses in 
“secretion vacuules,” and “it is very possible that the cell-protoplasm 
between the secretion vacuoles are pressed out into such thin masses 
(Balkchen) that they become the same as or equivalent to the threads 
in cells of other kinds’.” 

Flemming however at the time he wrote could scarcely appreciate 
how fruitful a source of artifact these secretion masses may be: this 
wider knowledge follows from Langley’s work upon mucous salivary 
glands published in 1886,—that is to say, four years after Flemming 
wrote, 


In no structure is a more beautiful and more definite “net” 


observable than in the secretory cells of the alveoli of these glands, yet - 


Langley was able to show that this net only appears as a result of a 
post-mortem swelling of the secretory granules which distends the cell- 
protoplasm. | 

Secretion masses, to still use Flemming’s words, not only produce 
deformation of the cell-protoplasm by post-mortem change in themselves, 
but, as in the case of the net which Kupffer described in the liver cells 
of winter frogs, the mere presence of these masses, glycogenic in this 
case, implies that the whole of the cell-protoplasm is thrown into a 
structure or framework to hold them. In this case one can hardly 
speak of the secretion masses, with which in this connection one must 
group simple vacuoles, as sources of artifact; yet they need mention 
here since in many cases the net or sponge structure which writers have 
described as occurring within the cell-protoplasm is as a matter of fact 
something quite different, namely a frame formed of the whole of .this 
substance, and not from a part only. A single instance may be taken to 
exemplify this. 

Probably no cells have furnished more observations which have been 


1 Zellsubstanz, Kern und Zelltheilung, Leipzig, 1882, p. 60, 
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used to support the hypothesis of the existence of a net or sponge- 
work in protoplasm than the blood corpuscles of Astacus. Frommann, 
Heitzmann, Leydig and Griesbach may be quoted amongst others 
who have described the “ Geriist” in these cells. Yet it is certain that 
the sponge-work figured by these authors is the very obvious and 
beautiful sponge-work which in almost all preparations of the blood 
cells of Astacus is produced by the disappearance of the soluble and 
apparently semi-fluid oxyphil granules contained in the corpuscles 


during life. 


There can be no doubt on this point. It is seatible to watch at 
leisure the solution of the granules and the formation of the sponge- 
work, the spaces of which are readily distorted by pressure, and so 
to obtain appearances truthfully figured by Griesbach”*. 

The most striking instance of structure in cells charged with se- 
cretion masses is furnished by the secretory cells of mucous glands. 

Opinion is still divided on the question whether the very definite 
and delicate network so often seen in these cells includes within itself 
the whole of the cell-protoplasm, and is due therefore simply to the 
distension and compression of the protoplasm by the swelling of the 
secretion granules, or whether it is a true net present in the living cell 
and formed of only part of the cell-protoplasm. I endeavoured to come 
to some conclusion by a prolonged examination of the orbital glands of 
kittens and puppies. 

The minute structure of an alveolar cell of the orbital glands. Glands 
from young animals were used because it was found impossible to cut 
very thin sections from glands of adult animals. 

The material was preserved in three ways: (1) with absolute alcohol, 
(2) with the vapour of osmic acid, (3) with chromic acid. 

Appearances after fixation with absolute alcohol. Small pieces of 
gland were blotted thoroughly to remove adherent blood and lymph, 
and then shaken quietly in a considerable bulk of absolute alcohol for 
about ten minutes, after which they were removed to a fresh quantity 
of the fixative. After 24 hours the tissue was examined and found 
not to be hardened; it softened readily in solutions containing less 
alcohol, or in water. 

Study of sections cut with the free hand. These are not infrequently — 
exceedingly thin near the edges, offering sections 2y and less in thick- 
ness. The sections were examined in absolute alcohol, and in xylol 


1 Pfliiger’s Archiv, u. p. 478. 1891. 
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when unstained; they were then irrigated in succession with 90 °/, 
alcohol containing a large amount of methylene blue, with absolute 
alcohol, and with xylol. Tested as carefully as possible neither the 
xylol nor staining fluid was found to alter the disposition of the parts. 
Observations were made with the Zeiss apochromatic lens, aperture 
1/40, focal length 2 mm. 

The granules were found in different stages of preservation. In 
some cells distinct granules were seen, in other cells the granules had 
vanished, and one had irregular flakes or masses. 

The granules and the flakes or masses stained an intense opaque 
blue with the methylene blue. The cell-protoplasm at the base of 
the cell coloured a vivid green. Probably in no case had the absolute 
alcohol prevented all swelling of the granules, Even when quite distinct 
they always measured 2 in diameter; while Langley fixes the size at 
1 to 

The configuration of the cell-protoplasm was beautifully shown in 
these preparations. At the edge of the preparation exceedingly thin 
sections of cells were found from out of which the blue staining 
substance had fallen. One then had without doubt a honeycomb, the 
spaces of which did not appear to communicate with one another. 
(Fig. 11). The substance of the honeycomb portion of the cell was 
continuous with and in no sense different from the cell-protoplasm 
which formed the base and sides of the cell: clearly the honey- 
comb structure is simply the expression of the fact that the cell- 
protoplasm was hollowed out to hold the secretory granules: the 


spaces have been slightly enlarged by the partial swelling of the 
granules. 

The configuration of the cell-protoplasm in the cells which are 
occupied by intact granules cannot be directly determined since the 
granules colour so intensely with the methylene blue as to completely 
overshadow any substance between them. It can be discovered however 
by taking advantage of the fact that there is a certain critical point in 
the process of inhibition of water, when the staining properties of cell- 
' protoplasm and granules is reversed. 

If a cell containing distinct granules is kept in view while the 
preparation is being irrigated with weaker and weaker alcohol, lightly 
charged with methylene blue, one witnesses the following changes. A 
more or less isolated cell at the edge of the section should be chosen for 
observation since it can expand almost without obstruction. When the 
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percentage of alcohol has fallen to about 60, the whole cell rapidly 
expands to twice its volume’, and this is seen to be due to a swelling of 
the granules which, in spite of the increase in size, still remain distinct’. 
Coincident with the increase in size the granules become less deeply 
coloured, and their tint changes from an opaque blue to a transparent 
purple, while at the same time the cell-protoplasm becomes more 
coloured and its tint changes from green to blue. One can now see 
that the blue stained basal cell-protoplasm is continuous with the 


substance of a honeycomb in the polygonal spaces of which lie the — 


granules. With a further fall in the percentage of alcohol the cell 
continues to expand in size to many times its original volume; the 
granules become less and less coloured until one sees only the blue 
stained cell-protoplasm, now expanded into exceedingly thin plates. 


If the percentage of alcohol has not fallen below 40, one can produce | 


contraction of the cell by again raising the concentration of the alcohol 
until its volume is almost what it was at the beginning. The granules 
however do not recover the property of dyeing deeply with the methy- 
lene blue (Fig. 12). One can therefore stain the cell-protoplasm and so 
show that the spaces in the honeycomb agree in size with that of the 
granules before swelling occurred. 

If the percentage of alcohol falls below 40, to be more accurate when 
it approaches 30, the distension of the cell becomes so great as to 
rupture the cell-protoplasm. Raising the percentage of alcohol naturally 
will not now restore the honeycomb. 


If the percentage is kept above this destructive lower limit a cell 


can be swollen and contracted and swollen again an indefinite number 
of times without modification of the configuration at any particular stage. 
At no time does the material between the granules differ in staining 


from the cell-protoplasm round the nucleus, and it always appears to be. 


a simple continuation of the whole of that protoplasm. 

It is particularly noticeable how the granules and cell-protoplasm 
expand and contract together; and it is clear that the size of a cell in 
& preparation is no indication of the extent to which swelling may have 
occurred during fixation. 


1 Langley gives an account of the swelling with dilute alcohol. This Journal, x. 
p. 488. 1889. 

2 The changes in volume were computed from several linear measurements. I may 
therefore remind the reader that doubling the volume of a sphere means roughly an 
increase in a diameter from 8 to 4. ; 


“4 
K 
> 
& 
i 
> 
4 i 
4 


He 
\ 


STRUCTURE OF CELL PROTOPLASM. 197 


Portions of the glands were transferred to xylol after 24 hours 
in absolute alcohol, and imbedded in paraffin. This process, though 
it could not conceivably have given rise to swelling was found to have 
profoundly altered the physical character of the tissue, in this way, the 
granules retained the power of swelling though to a much less extent, 
while the cell-protoplasm was completely fixed and inextensible. The 
change is of advantage since it enables us to determine with certainty 


_the configuration of the cell-protoplasm in those cells which contain 


intact granules, especially as one could use sections of 1 » and less 
in thickness. These thin sections were floated with 95°/, spirit on to 
the coverslip; and the paraffin removed by xylol. The same cell and 
the same alveolus were measured at various stages while the pre- 
paration was being irrigated with 80, 75, 60, 55°/, and so on down to 
30°/, alcohol. Neither alveoli nor individual cells showed any in- 
crease in size along any axis; on the other hand measurement of the 
diameters of individual granules gave the following average results— 
in absolute 2 u, in 50°/, 2°7 w, in 30°/, 33. In these thin sections, 
since the thickness is less than that of a single granule, these bodies 
are not restrained from swelling by the bars of cell-substance: they 
can expand at right angles to the plane of the section and over the 
bars. 

Now in these thin sections from paraffin it was found that the cell- 
protoplasm could, be stained with methylene blue while the granules 
remained almost uncoloured when the percentage of alcohol fell below 
40. One then has a green-blue stained cell-protoplasm at the base 
of the cell which continues into a continuous network. Seeing that the 
whole cell has not changed its dimensions we may take the meshes 
as being unaltered in size by the irrigation. Actual measurement of 
meshes and of the granules before irrigation, and counting both meshes 
and granules proves (1) that there are the same number of meshes 
as granules, and (2) that the granules must incompletely fill the meshes 
when they are unswollen. 

That the net is the section of a honeycomb is proved by this con- 
sideration. The section is less in thickness than half the average 
diameter of a mesh. If it were a true net composed of threads a 
section so thin would show broken lines joining the nodes; instead of 
that one always found continuous lines. 

The study of these absolute fixed glands appears to me to prove 
that the typical net of the mucous secretory cell is the optical or actual 
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‘section of the honeycombed cell-protoplasm distended by the swelling 


of the secretory granules, and that it is not a net within, but a net 
composed of the whole of, the cell-protoplasm. 

These conclusions were confirmed by the study of specially thin 
sections from glands hardened in chromic acid which were stained in 


various ways, notably with iron-hematoxylin. 


It is difficult to raise a histological question above the region of 
individual judgment to the level of secure proof. In the case we are 
considering this fortunately can be done, by comparing the con- 
figuration of cells fixed with osmic vapour with that found in absolute 
or chromic fixed cells in which the granules have partly or. wholly 
swollen. It can be clearly established that when the granules are 
completely preserved the configuration is totally different. to the honey- 
comb already described; it becomes the conventional net of fixed 
colloids which has the granules at the nodal points; such a net 
as is formed when egg-white holding carmine granules is fixed. 

Appearances after fixation with the vapour of osmic acid. Special 
precautions were taken to prevent swelling of the granules. Very 
small pieces of the tissue, about 2 millimetres across, were suspended in 
the vapour for 8, 24, or 96 hours in the dark. They were transferred 
either to absolute alcohol, and then to xylol, or direct to xylol, and 
imbedded in paraffin. Sections were floated on the coverslip with 95 °/, 
alcohol. They were examined unstained in xylol, in absolute alcohol 
and in lower alcohols; or after staining with methylene blue saturated 


in 90°, alcohol, or with iron-hematoxylin. The latter method was of 


necessity modified in order to avoid the injurious action of water. In 
place of the solutions recommended by Martin Heidenhain I used a 
saturated solution of the ammonio-ferric alum in 80°/, ethylic alcohol’, 
and a strong solution of Griibler’s purest hematoxylin in the same 
strength of alcohol. 

After 8 hours’ exposure to the fixative it was found that the 
granules still retained the power of absorbing water; but it had almost 
or completely vanished after 24 hours’ exposure. 

The examination of unstained preparations in absolute and xylol 
shows that even with the small pieces of tissue which were used the 
granules are not preserved throughout. In by far the greater number 


1 Here and elsewhere in the paper by the word alcohol I mean ethylic alcohol, and I 
distinguish between solutions of this body and solutions of commercial spirit, 
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of the cells they were quite distinct, in a few however they had run 
together; in some cells the granules had “smeared ” in places, four to a 
dozen or more having stuck together, while over the rest of the cell they 
were completely separate. One could therefore trace in the most 
complete way the change in the configuration of the cell-protoplasm 
induced by the smearing of the granules. 

The configuration of the cell-substance when the granules were 
_ perfectly preserved was found to be that of a sponge-work of threads 
holding the granules on the nodal points. The form of the net varies 
according to whether the granules are very close set or not. In the 
former case the threads run simply from granule to granule, and iron- 
hematoxylin preparations of sections about 0°5p thick (less than one 
tooth) convey the impression that each granule is enclosed in a thin 
shell of cell-protoplasm from which bars run to the similar shell on 
neighbouring granules. Where the granules are less closely set the 
cell-protoplasm forms a net with nodal points of its own substance 
which stretches between the granules. A reference to the camera 
lucida drawings reproduced in Figs. 13, 14, and 15 will obviate 
further description. 

_ The meshes of the sponge are simple fluid-holding spaces. This 
was proved in two ways. 

(1) By microscopical examination. After 24 hours’ exposure to osmic 
vapour the configuration was found to be unaltered by irrigation with 
aqueous fluids. After many failures, I succeeded on several occasions 
in keeping the same alveolus in the field of the microscope, with the 
large Abbe camera lucida always in position, for periods up to 10 days, 
during which time the alveolus was stained with iron-hematoxylin by 
the alcoholic method, then again by the aqueous method, and finally it 
was irrigated with a saturated solution of eosine and methyl eosine in 
water. Drawings were made at intervals, and a series from one 
experiment are reproduced in figures 14a to 14d. In other cases the 
alveolus was irrigated with a 20°/, solution of acid fuchsine in water 
saturated with aniline oil, and various saturated solutions of basic dyes 
were tried. In short, by every method which suggested itself to me I 
tried to stain material in the meshes. If there be any present, then 
it must have these negative characters: it is invisible in fluids whose 
refractive index varies from that of absolute alcohol to that of Canada 
balsam ; it cannot be stained by eosine, methyl eosine, acid fuchsine, 
iron-hematoxylin, methylene blue, and osmic acid. 
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(2) By direct measurement of the volume of the fluid-holding 
interspaces in the tissue. This was done in the following way. A 


number of the tiny pieces of gland were removed from the absolute . 


alcohol in which they had been placed after fixation, and surface- 
dried by being rolled about on fine filter-paper. Their volume was 
then determined by measuring the amount of absolute alcohol they 
displaced. They were then again dried by being rolled on the filter- 
paper for as nearly as possible the same length of time, and at once 
compressed by screw pressure between two glass plates. The fluid 
which exuded was collected on dried and weighed filter-paper, which 
was at once enclosed in a weighed air-tight capsule, and the whole 
weighed. The fluid was colourless, and on evaporation left no solid 
residue ; it was, therefore, assumed to be absolute alcohol of the specific 
gravity of that used to preserve the gland. The specific gravity being 
arrived at in this way, the volume was calculated from the weight. 
I was not able to collect all the expressed fluid: part remained and was 
visible between the small masses of gland. I was only able to collect 
the overflow. There was also loss at the various stages from evapora- 
tion. ‘The volume of the quantity collected represented 46°/, of the 
total volume of the bits before compression. Now examination of 
sections appeared to show conclusively, that the interalveolar clefts and 
the lumina taken together could not represent anything approaching 
50 °/, of the volume of the mass; part, and probably the greater part, 
of the fluid, must have been expressed from the sponge-work of the 
alveolar cells. 

The study of material which has been exposed to the fixative 
vapour for only eight hours affords the strongest confirmation of the 
account which has been given of the configuration of the cell-substance. 
Unstained sections examined in absolute alcohol show the granules 
distinctly, but it is difficult to determine the disposition of the cell- 
substance, owing to the diffraction halo round the granules. The 
disposition of the granules can, however, be exactly planned, and one 
has, (1) cells with distinct granules only, (2) cells with granules for the 
most part distinct, but here and there in heaps forming a mass having 
a curdled aspect, (3) cells wholly occupied by an irresolvable curdled 
mass. Qn irrigation with xylol the cell-substance becomes visible; it 
is now found that the separate granules are joined by threads, while the 


heaps of granules, and the cells in which the granules have completely. 


run together, show the characteristic honeycomb net. Staining with 
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iron-hematoxylin and methylene blue, while still in the field of the 
microscope, does not alter the picture. Irrigation with lower alcohols 
causes the granules to swell; without, however, producing a honeycomb 
net in regions where the granules had been completely separate at the 
commencement. Figures 13a and 136 show the same cells as they 
appeared in 95°/, spirit and in 30°/, spirit. 

It might be urged that the net structure okie is characteristic 
of osmic vapour preparations might be produced by the granules first 
swelling so as to touch, and then shrinking, leaving however a thread 
joining the granules. Langley actually saw granules do this. This 
supposition is untenable for the following reasons. The granules stain 
a deep opaque blue with the alcoholic methylene blue, while the 
basal cell-protoplasm and the threads stain a true translucent green. 
Flooding the field with light makes the contrast in the staining 
reaction very obvious. Further, the threads of the network may be 
seen to be continuous with the basal cell-protoplasm. Lastly, if these 
threads are formed from granule substance, what has become of the cell- 
protoplasm? As we have seen, the thinnest section and the most 
drastic staining fails to show any substance other than granules, and 
the threads which link them together, or which, in more open spaces, 
form an independent net. 


The study of this material which has been only lightly fixed by the 


- vapour offers still further confirmation of the statement that the meshes 


of the sponge-work are simple fluid-holding spaces. When a preparation 
is irrigated with lower alcohols the granules may be seen to expand in 
the plane of the section, the threads of cell-protoplasm are displaced by 
this so that they appear as bits irregularly placed and wedged between 
the swollen granules. This process can be followed on the slide by 
irrigating with lower alcohols and then staining with methylene blue or 
with iron-hematoxylin. As one follows the process it is evident that 
the granules expand freely without having to displace solid matter other 
than the threads, and these are readily moved. 


III. THE INTERPRETATION OF STRUCTURE SEEN IN FIXED 
AND FRESH CELL-SUBSTANCE. 


The preceding pages constitute a general criticism on the inferences 
which have been drawn from the study of fixed and fresh cell-substance. 
They may be reduced to three propositions :— ’ 
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(i) That a regular geometrical figure may be conferred on the cell- 
protoplasm by the presence in it of secretion masses and especially by 
post-mortem swelling of secretion masses. 

(ii) That, so far as can be judged by control experiments with 

colloid masses of known character, the radical changes in the physical 
_ characters of the cell-substance produced by fixation are of such a 
nature as necessarily to produce a structure. 

(iii) That the process of dying without fixation, since it appears 
to consist in all cases of a coagulation of some part of the cell-substance, 
must also produce structure not present in full life. 

The study of the action of fixatives upon colloidal solution and 
upon soluble gels cannot be applied to the elucidation of the effect of 
fixation upon living cells until we know whether the living substance 
reacts as a soluble colloid. 

If it can be shown that the configuration of the cell-protoplasm 
after fixation depends upon the fixative used, and upon the size and 
physical characters of granules which may be present, the conclusion is 
rendered probable. 

The following tissues were examined :—pancreas, mucous coat of 
duodenum and stomach of frog, gut of Oniscus, red marrow and orbital 
gland of kittens and puppies, and peritoneal fluid of frog, and blood of 
the crayfish. Very small bits of tissue were taken and separated from 
adherent connective tissue as much as possible, since the presence of 
this substance makes it difficult to obtain sections of less than 1 w in 
thickness, Corrosive sublimate saturated in 0°6°/, sodium chloride and 
the vapour of 2°/, osmic acid were used as fixatives. The tissue was 
exposed to their action for from two to four hours; then washed in — 
0°6 °/, salt solution for about 15 minutes, dehydrated by very gradually — 
raising the percentage of alcohol, and imbedded in paraffin from cedar — 
oil. Sections varying from + 0°5 w to + 3 thick were used. 

On the whole living cell-substance does react to fixatives just as 
does solid or fluid soluble colloid. The facts may be summarised as 
follows :-— 

Gland cells. When the granules neither swell nor dissolve, corrosive 
sublimaie throws the cell-substance into an open net. The figure of 
the net depends upon the number and size of the granules, Figures 16a 
and 16) are from different regions of the same cell of the pancreas 
of a frog separated by only a short space. Figure 17 is from another 
cell. 
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The vapour of osmic acid produces a much finer structure. Where 
_ there are no granules the structure appears to be a fine honeycomb and 
not a net. Where granules occur the honeycomb opens out, the spaces 
becoming larger. Figures 18 and 19 representing the structure of the 
mesenteron cells of Oniscus after sublimate and osmic vapour re- 
spectively will illustrate this. The difference is partly due no doubt 
to the general shrinkage which accompanies fixation by osmic vapour. 
A rough numerical estimate of this was obtained in the following way. 
Two specimens of Oniscus of approximately the same size were chosen, 
and kept without food for five days. The intestine of the one was 
exposed to the vapour of 2°/, osmic acid for two hours, that of the 
other was placed in the sublimate solution for the same period. They 
were then imbedded in paraffin by the same process and sections were 
cut as nearly as possible at right angles to the length of the gut. 

The long and short axes of a number of nuclei in each gut were 
measured and the mean of the measurements were taken as the 
diameter of a sphere, the volume of which was calculated. It was found 
that the ratio of the mean volumes of a nucleus—roughly estimated in 
this way—in the osmic vapour preparation, to the mean volume in the 
sublimate preparation was 7:11. To put these figures in another 
way, if the percentage of solid in the sublimate fixed cells were 10, then 
it would be about 16 in the osmic vapour fixed cells, 

In osmic vapour preparations of the pancreas of the frog an 
interesting point was noticed which showed the effect on the con- 
figuration of the cell-protoplasm of the rapidity of fixation and of 
shrinkage. In cells quite at the surface of a bit of tissue the spherical 
discontinuities in the cell-protoplasm where it was fairly free from 
granules were so excessively minute as to be perceptible only in sections 
not thicker than +06 which were deeply stained with iron-he- 
matoxylin. Passing more toward the centre of the mass of tissue one 
found the discontinuities in the cell-substance larger and more obvious. 
This effect of. the rapidity of fixation demands for its elucidation a 
_ knowledge of the volume of the cells in the various conditions. This I 
do not possess. The facts however may fairly be set beside the account 
which Mikosch gives of the changes in the configuration of living cell- 
substance which occur as it is dying’. He observed the epidermic cells 
of various plants—chiefly Sedwm telephium. The tissue was mounted 


1 Verhand. d. Gesell. deutsch. Naturforsch. u. Arate, Th. 1. p. 179. 1895. 
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in water or sugar solution and when first viewed the cell-substance 
appeared to consist of a completely homogeneous matrix which im-. 
bedded small refractive granules commonly in rows like a string of 
pearls; some however were grouped in pairs, others separate. After 
20 to 30 minutes minute vacuoles not more than ly in diameter 
appeared in the cell-substance. They gradually increased in size so 
that a net appearance was produced with rounded and polygonal 
meshes. The granules before mentioned have their arrangement de- 
stroyed by this change; they now lie at the nodal points of the net, 
and the appearance is similar to that usually figured by Biitschli. 
The vacuoles continue to increase in size, and they burst into one 
another until finally a structureless mass is produced which encloses 
still persisting vacuoles. | 

The same conclusion, namely, that the configuration of the cell- 
protoplasm is determined by the fixative is most clearly shown in the 
case of the secretory cells of the orbital gland. The facts have already 
been described and nothing need be added here. 

In the case of the giant cells of red marrow the configuration of this 
cell-protoplasm after fixation with corrosive sublimate is such as to show 
in sections a net, the average diagonal of a mesh being about 0°6 to 0°7 pw. 
After fixation with osmic vapour the average measurements are at least 
one-fifth less. 

Special mention might be made here of a criticism based upon the 
structure of oxyphil wandering cells after fixation. On the ground that 
the granules in these cells form the nodal points of the network 
Gulland’ claimed that they could not be of the nature of secretory 
granules, as had been urged by Hankin, Kanthack, and the writer. 
If these granules really are secretory granules they would according to 
Gulland occupy the position of paraplastic matter—namely the meshes 
of the net. The nature of this criticism serves to bring into prominence 
the shifting artificial nature of the structure in fixed cells, for, as we 
have seen, the secretory granules of the alveolar cells of the frog’s 
pancreas. form the nodal points of the network, while the secretory 
granules of the orbital gland lie sometimes on the net, sometimes in the 
meshes, according to the nature of the fixative. 

Effect of the thickness of the section wpon the image. The very great 
difference which exists between the image offered by sections which do 


1 This Journal, xxx. p. 885. 1896. 
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not vary very much in thickness will scarcely be realised except by the 


of actual observation. 


In a section approximately 1 « in thickness through a gut of Oniscus 
which has been fixed with sublimate the cell-substance shows as an 
open structure like the skeleton of a dead leaf. In sections say 4 and 
upwards in thickness the appearance presented is that of a coarsely 
punctate material. — 

The point was studied in detail in cells of the red marrow fixed 
with sublimate. The lenses used were the same Zeiss apochromatic 
with the ocular 18 (te. x 2250 diameters). Sections of three grades of 
thickness were compared ; the thinnest were about the thickness of the 
visual field, the next were between two and three visual fields in 
thickness’. The thickest sections were too thick for this method of 
estimation, but they were roughly twice as thick as the medium sections. 
Now, in the thinnest sections one has a clear open mesh such as 
is shown im Fig. 20. As the sections increase in thickness one has 
more and more decidedly the impression that the net at any particular 
focal plane lies imbedded in a faint continuous grey ground substance. 
This impression is due to the haze from the focal planes above and 
below the one actually in focus. Figures 20 a,b and c are from a cell in a 
section of medium thickness. The section of the cell was a little more 
than two visual fields in depth. Figure 20a is a free-hand drawing of 
the upper visual field. Figure 206 a similar drawing of the lower field. 
_ Figure 20¢ is a drawing made with the camera lucida, the focal level 
being that of the upper visual field. 

In addition to the confusion in the image which results from the fog 
so to speak of material out of focus, there is a possible source of error 
in what might be called false differentiation by double staining. This 
may be explained by citing an instance. In many or most cases the 
bars of a net differ in thickness in different parts of the cell. If a 
section is stained with iron-hematoxylin and the process of washing 
out be used, the dye is first removed from these finer structures. On 
double staining with say eosine the fine bars from which the he- 
matoxylin has been removed dye red and one then has a net black in 
some places, red in others. The whole process can be followed in the 
_ field of the microscope. 


1 Absolute measurements in m represent the relation less accurately. It is easy to 
convince oneself, both by reasoning and practice, that the possible error in absolute 
measurement is fully equal to the depth of a visual field. 
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The foregoing paragraphs may be summarised as follows :—The 
study of the behaviour of certain gland cells and of the cells of red 
marrow, of frog’s lymph and of the intestine of the wood-louse, leads 
me to conclude that the cell-protoplasm reacts to corrosive sublimate — 
and osmic vapour in the same way as does a soluble colloid to a reagent 
which converts it into an insoluble colloid. I hold therefore that there 
is no evidence that the structure discoverable in the cell-substance of 
these cells after fixation has any counterpart-in the cell when living. 
A large part of it is an artifact. The profound difference in the minute 
structure of a secretory cell of a mucous gland according to the reagent 
which is used to fix it would, it seems to me, almost suffice to substan- 
tiate this statement in the absence of other evidence. The framework 
which is visible in fixed cells, contains within itself all the solids of the 
cell; it is produced by the action of the fixing reagent in converting 
the + 10°/, of solids in the living cell-substance into an insoluble state. 
The meshes of the framework therefore are mere interstices occupied 
by alcohol, xylol, or balsam as the case may be. This conclusion is 
borne out not only by microscopical analysis and pressure experiments, 
but also by argument from the physical characters of colloidal matter 
in the soluble and insoluble states. 

Though it is impossible to deal with questions of such magnitude in 
anything other than a suggestive manner it would be unfair to omit © 
pointing out the lengths to which criticism of this kind carries one. 
I have confined myself in this work to a consideration of those views 
which ascribe definite coarse structures to the cell-protoplasm: but the 
dead or fixed cell body also holds other structures—the nucleus and the 
attraction sphere, each of which represents something which is present 
in the living cell. The same difficulty exists in determining the 
structure of these bodies during life as exists in the case of the general 
 cell-protoplasm—it is the difficulty of deciding to what extent structure 
demonstrable in the fresh or fixed state is the product of the chemical 
and physical changes which constitute the death change, or which may 
be due to the action of fixatives. : 

In discussing the view of Berthold and Fr. Schwarz according to 
which the reticular structure of fixed cell-protoplasm is an artifact 
Biitsch]i appeals to the structure which various workers have 
described in “living protoplasm.” These observations satisfy him that 
criticism such as was advanced by Berthold and Schwarz and as 
appears in the pages of this paper is false and “requires no further 
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refutation.” It is valueless in face of the fact that net or fibrillar 
structures “are frequently to be observed quite plainly in the living 
condition and therefore cannot be any artificially produced appearances 
of precipitation or coagulation.” 

To this point of view there are two fundamental objections. The 
first may stand in the form of a-question. As Biitschli has himself 
contributed to show, fixatives do produce structures in colloids; is not 
therefore the statement that the structure seen in the fixed cell agrees 
with that seen in the unfixed cell singularly suspicious? What has 
become of the structure which must be produced by those complete 
redistributions of solid and liquid and those chemical changes which are 
_ the very essence of the process called fixation? In the second place an 
examination of the original memoirs convinces me that it is very 
doubtful whether the structure in question has been observed in 
actually normal living cells, The discussion of this point, together 
with an account of some attempts to repeat the more noteworthy 
observations upon cells regarded as living will form the subject-matter 
of the second part of this paper. © 
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SuMMARY. 


_(1) A study of the action of reagents upon colloidal matter shows 
that when an insoluble modification is formed there is a separation of 
solid particles which are large molecular aggregates, and that these 
become linked together to form a comparatively coarse solid framework 
having the form of an open net which holds fluid in its meshes. 


(2) In some cases however the reagent is partially miscible with 
the colloidal mixture. In this case the latter is modified in degree but 
remains the same in kind. The action of corrosive sublimate upon 
gelatine is an instance. : 


(8) The general statement is however possible that reagents which 
have any action at all confer a structure upon the colloidal matter 
which differs in most cases in kind, in some cases in degree, from 
the initial structure. Hence it is inferred that the structure seen in 
cells after fixation is due to an unknown extent to the action of the 
fixing reagents. 


(4) The structure of dead matter which was once living may also 
be referred to the coagulation (clotting) phenomena of death, as well as 
to post-mortem change. These points were specially examined in the 
case of the secretory cells of a mucous gland. 


(5) Incidentally certain investigations which are still in progress as 
to the phenomena of the colloid state are touched upon. The existence 
of two classes of colloidal mixtures is noted and the chief features 
of each are described. 


(6) The mechanism of coagulation, and of setting, receives special 
discussion. 
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LIST OF FIGURES. 


Egg-white. Sections 0°6 to 1-0, thick cut from paraffin; stained with iron- 
hematoxylin. Magnified 1500 diameters; camera lucida. 
Fig. 1. Solids per 100 c.c. 13 grs. Fixative sublimate. 
Fig. 2. Solids per 100 ¢.c. 30 grs. Fixative sublimate. a.a. Carmine grains. 
Fig. 3. Solids per 100 c¢.c. 60 grs. Fixative sublimate. 
Fig. 4. Solids per 100 ¢.c. 13 grs. Fixative potassium sulphocyanate. 
Gelatine. Film preparations fixed with sublimate. Mag. 1500 diams,; camera lucida. 
Fig. 5. Solids per 100c¢.c, 4 grs. 
Fig. 6. Solids per 100 c¢.c. 10 grs. 
Fig. 7. Solids per 100 ¢,c. 25 grs. 
Fig. 8. Solids per 100 c.c, 50 grs. 


Fig. 9. Egg-albumen. Solids 13 grs. per 100c.c. Film fixed by steam while flowing 
between two coverslips—to show abrupt transition from net region to optically homo- 
geneous film. a, a’, interior of two contiguous air-bubbles. Mag. 450 diams.; camera 
lucida. | 

Fig. 10. Gelatine droplet fixed while flowing over coverslip with sublimate. Stained 
with iron-hematoxylin, Note unstaining optically homogeneous edge film. Mag. 1000 
diams,; camera lucida. 

: Orbital gland. Kitten. 

Fig. 11. Fixative absolute alcohol 20 hours. Freehand sections stained with 
methylene blue in 90 °/, alcohol and examined in xylol. Framework a brilliant green, 
shrunken remains of mucous granules a dull opaque blue. Mag. 1500 diams.; camera 

lucida. 

Fig. 12. (a) Net in 50./, spirit; intact granules swollen. Not camera lucida. 

(6) Same net, after dehydration in xylol; methylene blue. 

Fig. 13. Fixative osmic vapour 8 hours. Section 2 teeth (+ 1:4.) cut in paraffin. 
Mag. 1000 diams.; camera lucida. (a) Appearance after removal of paraffin and 
mounting in 95 °/, spirit. (b) After irrigation with lower strengths of spirit down to 
30 °/,; drawn in 30°),. Section unstained. 

Fig. 14, Fixative osmic vapour 24 hours. Mag. 1000 diams.; camera lucida, 
Section 1 tooth (+ 0°74). Same portion of the alveolus was drawn in each case. 
(a) section unstained mounted in absolute alcohol after removal of paraffin. Stained with 
iron-hematoxylin while on stage of microscope, brought back into xylol, drawing (b) 
made. Staining light. Restained with iron-hmmatoxylin—ferric alum 2°/, 13 hours; 
strong hematoxylin 24 hours; staining very intense. Brought into absolute, drawing 
(c) made ; irrigated with xylol and drawing (d) made. Illumination moderate, the condenser 
being achromatic. The change in the image due to the refractive index of the mounting 
medium is noteworthy. In (c) resolution was difficult owing to the intensity of the stain. 


Fig. 15. Orbital gland. Puppy. Section 2 teeth (4 14). Fixative osmic vapour 
24 hours. Stained with methylene blue saturated in 80 °/, alcohol. Mag. 1000 diams. 
Drawn when mounted in absolute; illumination of field varied, but mostly bright; very 
careful study with camera lucida of part of a cell. 
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Fig. 16. Pancreas. Frog. Fixative sublimate. Section 1 tooth (0°74). (a) and (b) 
were in the same cell, (a) being almost continuous with (b). Mag. 2250 diams. Probably 
not made with camera lucida. 


Fig. 17. Pancreas. Frog. Fixative sublimate. Section 1 tooth 2g 0°7 »). Drawing 
was not made with the camera lucida. Mag. 2250 diams. 


Gut of Oniscus. Animals starved for 6 days. 

Fig. 18. Fixative sublimate 2 hours; no exposure to water; dehydrated in alcohol 
with a trace of iodine. Section 2 teeth (1:44). 'Stain, iron-hmmatoxylin. Camera 
lucida. 

Fig. 19, Fixative osmic vapour 2 hours. Section 1 tooth (0°7 yw). Stain, iron- 
hematoxylin. Camera lucida. 


Fig. 20. Oxyphil cell of red marrow. Fixative sublimate. Section between 2 and 3 
focal planes thick. Illumination moderate. Mag. 2250 diams. 
(a) freehand drawing of upper focal plane, 
(b) freehand drawing of next deeper plane, 
(c) combining these two planes and adding a third. 


¥ ey, 
~ 
ay 
« 
% 
q 
4 
4 
i, 
. 


JOURN. PHYSIOLOGY. 


{ 


18 


20b 


20a 


17 


£. Wilson. Lith, Cambredige. 


| \ : 
\ 
» 
| 15 q 
16a 4 
: 
| | a 


| 
2 
‘ 
¥ 
Bc,” 
. 
ad 
4 
q 
be 
¢ 
& 
wih, 
w 
; 
& 
a 
i 
} 
- 
> 
owe 
: 
J 
4 
: 
i 
i 
i 
i 


THE BEHAVIOUR OF THE HAMOGLOBIN AND ELEC- 
 TROLYTES OF THE COLOURED CORPUSCLES 
WHEN BLOOD IS LAKED'. By G. N. STEWART, 

_ Cleveland, U.S.A. (Seven Figures in Text.) 


I HAVE already shown’, as Roth®* has done independently, that the red 
blood corpuscles have a very low electrical conductivity in comparison 
with that of the serum or plasma. One of the proofs of this is that 
when blood is centrifugalised, the conductivity of the sediment becomes 
smaller and smaller the more completely the serum is removed ; while 
the conductivity of defibrinated blood is invariably less than that of the 
serum. Thus: 


d(5°) x 108* 
No. of animals - rc ~ 
Species of whose blood Minimum for 

animal | was examined Serum Defibrinated blood sediment t 
Dog 79 77°28 to 86°52 61 to 52°05 5-405 
Pig 8 77°52 to 78°97 24°45 to 30°52 718 
Fowl 8B 87°71 to 102°35 48°28 to 49°41 
Goose 1 80°73 26°43 
Rabbit 8 75°90 to 84°22 86-26 to 41°69 


* The conductivity (at 5°C.) is expressed in reciprocal ohms x 10%. To reduce the 
resistances, given in arbitrary units in my paper in the Centralb. f. Physiol., to conduc- 
tivities (at 5°) expressed in reciprocal ohms x 10*, the number — must be divided by 
the resistance. 


+ After centrifugalisation for 20 to 40 minutes, 


Two explanations of the low conductivity of the corpuscles might be 
offered : (1) that the corpuscles, while surrounded by an envelope freely 
permeable by the electrolytes of the serum, consist for the most part 
of compounds in which the electrolytes are bound to proteids or 
hemoglobin and thus rendered non-dissociable; (2) that the corpuscles 


1 This paper was read at the meeting of the British Medical Association, Section of 
Physiology, at Edinburgh in July, 1898. Part of the subject-matter was communicated 
to the same Section at the Montreal meeting in 1897. 

2 Journ. of the Boston Soc. for Med. Sc, June 3, 1897; Centralb. f. Physiol. x1. Aug. 
7, 1897. 

8 Centralb. f. Physiol. x1. July 10, 1897. 
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are surrounded by an envelope that is impermeable or but slightly 
permeable to all or most of the electrolytes of the serum, or to whatever 
ions may exist in the liquid contents of the corpuscles. There is strong 
evidence for the second view, although it seems probable that, in 
addition, some of the electrolytes of the corpuscles are combined in 
such a way that they do not conduct till they are broken off from their 
compounds, and thus rendered capable of hydrolytic dissociation. Many 
facts, indeed, render it necessary to assume that all animal cells are 
bounded by something which we may call an envelope, and which is 
permeable to some of the constituents of the extra- and intra-cellular — 
liquids normally in contact with it, and absolutely or relatively imper- 
meable to others. It is impossible to explain in any other way the 
marked differences in chemical composition, even as regards substances 
easily diffusible in liquids, between the contents of cells and the 
extracellular fluids. In some cases the envelope may be histologically 
differentiated from the cytoplasm ; in other cases it may only represent 
a peculiarly modified layer of the protoplasm of the cell not structurally 
defined. On the properties of the envelope the osmotic pressure within 
the cell, its nutrition, its functional activity, and the chemical com- 
position of its contents must depend. And it would seem particularly 
advantageous that the envelope should, in general, interpose a hindrance | 
to the passage of the small and easily diffusible electrolytic molecules 
into and out of the cell’. 

On general grounds, then, we might expect that the envelopes 
of all cells should be relatively poor conductors, and in the cases in 
which the question can be most easily put to the test this is found to 
be so. Abundant proof of the truth of the law has been given for the 
red blood corpuscles, both nucleated and non-nucleated. Pus corpuscles 
are also worse conductors than the serum of pus, and lymphocytes 
than blood-serum. As regards nerve, electrophysiologists have long 
felt the necessity of assuming the existence of great differences in the 
conductivity of the various histological constituents of the fibres and 
especially of medullated nerve-fibres. And yet there has been difficulty 
in conceiving how differences of the required magnitude could exist. 
The difficulty has usually been got over by postulating the existence 


1 It is possible that the term “envelope” in this physiological sense ought to embrace 
not only the external surface of the cell as a whole but also the whole surface of the 
protoplasmic network where it is in contact with the intracellular liquid, or at any rate 
such surfaces as those of the fibrille of the axis- ee of a nerve-fibre and the fibrils of 
striped. muscle, 
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of certain surfaces of separation at which ions are liberated and polari- 
sation takes place, the polarisation constituting a virtual resistance. 
There has, however, been no explanation of the great polarisability 
of nerve, a polarisability much greater than that of the surface of. 
separation between two heterogeneous solutions of electrolytes. Bu 

if nerve-fibres are surrounded by an envelope whose specific resistance 
is much greater than that of the contents of the fibre, there must be a 
very abrupt change of potential as we pass along current lines that cut 
the envelope, and the surfaces of the envelope may therefore become 
strongly polarised. The fact discovered long. ago by Hermann, that 
the apparent electrical conductivity of nerve across the fibres is many 
times less than its conductivity in the longitudinal direction, although 
explained by him as due to the relatively great capacity for polarisation 
of the nerve when the polarising current passes transversely across it, 
receives a more natural explanation, if we suppose that the nerve-fibres 
are surrounded by badly conducting envelopes. Of course, if this is the 
case, a part of the apparent excess of transverse resistance may still be 
due to polarisation, but not the whole of it, nor probably any large 
proportion of it. As to what constitutes the badly conducting envelope 
of the medullated nerve-fibre, it would seem extremely probable that in 
the first place the neurilemma is not very freely penetrated by ions, 
and has therefore a relatively low conductivity. It may be also that 
the conductivity of the medullary sheath is less than that of the axis- 
cylinder, just as, within one and the same cell, the conductivity of the 
white of egg may be three times as great as that of the yolk. The 
axis-cylinder itself may, in addition, be protected by a badly conducting 
envelope from a too easy interchange of ions; and it is indeed necessary 
to assume the existence of such an envelope for the naked ends of the 
neuron, when both neurilemma and medullary sheath have disappeared. 

That the envelope or envelopes of the nerve-fibres, which resist the 
passage of electrolytes during life, should permit them to pass more 
freely after death, and particularly when the structure of the fibres has 
been destroyed by such violent means as heating to the temperature 
of boiling water, is only what we should expect, since this very 
resistance of cell-envelopes to the diffusion of ions is so clearly con- 
nected with the maintenance of normal conditions in the cells. 

The electrotonic currents, including those observed in non-medul- 
lated nerves, can also be explained on the assumption that the nerve- 
fibres are surrounded by a badly conducting envelope; and a similar 
assumption would explain the absence of stimulation when a nerve or 
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muscle is traversed by an electrical current at right angles to the 
length of the fibres. | 

Assuming, then, for the present, without attempting to give formal 
proof of the assumption, that in general the cells of the animal body 
are bounded by an envelope relatively impermeable to the ions of the 
extra- and intra-cellular liquids, it becomes of interest to determine the 
degree of permeability of the envelope for as many different kinds of 
cells as possible, and for as many different substances as possible. 

Hedin', Eykman?, and others have elaborately investigated the 
permeability of the red blood corpuscles for numerous salts. It seemed . 
to me not less important to determine the conditions under which the 
permeability of the envelope in any given case becomes altered for any 
particular substance, and especially on the one hand for the salts, and 
on the other for the proteids normally present in the cell or in the 
liquids that bathe it. And from a number of questions pressing for . 
solution, I singled out this one as a preliminary enquiry, whether, 
namely, an envelope which is, or is made freely permeable to large 
proteid or proteid-like molecules is at the same time freely permeable 
to small saline molecules, or, whether it ever happens that the large 
molecules are permitted to pass while the small ones are kept back ? 
If the latter were the case, it is evident that the passage of substances 
through a cell-membrane must be a very different process from their 
diffusion through the pores of an ordinary dialyser membrane. Since 
in saline solutions of the concentration of the blood-plasma and the 
serous liquids of the body much the greatest portion of the salts must 
be assumed to have undergone hydrolytic dissociation, it is, so far as the 
salts are concerned, the permeability of the cell-envelopes for electri- 
cally charged ions, and not for electrically neutral molecules, with which 
we have to do. Of the degree of this permeability, the electrical 
conductivity of the envelope is, of course, a measure, as the conductivity 
of the intracellular contents or the extracellular liquids is a measure 
of the concentration of the ions in them. I resolved, accordingly, to 
use the electrical conductivity as a means of information as to the 
_ permeability of the cell-envelopes and the movements of the electrolytes, 
and to supplement it by determinations of the total molecular concen- 
tration, as deduced from freezing-point observations. The electrical 
resistance was measured by Kohlrausch’s method. The freezing point 
was determined by an arrangement similar to that of Beckmann. 


Pfliiger’s Archiv, p. 229. 1897. 
2 Ibid. p. 58. : 
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The cells investigated hitherto have been pus corpuscles, lymph 
corpuscles (suspended in serum), spermatozoa and coloured blood 
-torpuscles. By far the largest number of observations, and these the 
most satisfactory, have been made on the blood corpuscles, and I shall 
leave the others for a future paper. The blood corpuscles possess several 
advantages for such an enquiry. For they contain a very characteristic 
- non-conducting substance, with an extremely large molecule, namely, 
the hemoglobin, the relations of which to the stroma or to the envelope 
may be altered in many ways so that it shall pass out of the corpuscles. 
They also contain electrolytes; and it can be determined whether 
these accompany the hemoglobin or not when it escapes through the 
envelope. Finally, they are uniformly suspended in a liquid, the 
changes in the molecular concentration and electrical conductivity of 
which can be easily measured. 

In this communication I wish mainly to record the results obtained © 
when blood is subjected to the action of influences that cause laking. 
Since it is well known that when a non-conductor is added to a 
solution of an electrolyte, the conductivity of the solution is depressed, 
it was necessary, in order to properly interpret any changes taking 
place during laking in the conductivity of the blood or serum, to deter- 
mine first of all by how much the conductivity is affected by the addition 
of a given quantity of hemoglobin. 


The influence of hemoglobin on the conductivity of serum. 


Oxyhzmoglobin was prepared from the blood of the dog by shaking» 
the sediment with ether, and bringing about crystallization by the 
addition of alcohol, in the manner described in Hoppe-Seyler’s 
Handbuch d. chemischen Analyse, 6th edition, p. 274. 

It was crystallized three or four times and dried in vacuo at 0° C. 
The oxyhwmoglobin was almost free from electrolytes, since for a 
solution in distilled water containing 6°25 grm. (three times crystallized) 
in 100 c.c., 4 (5°) x 10° was only 0°895 or about ;4,th of the conductivity 
of blood-serum; while A (the amount by which the freezing point is 
depressed below that of distilled water), for a solution in distilled 
water containing 3°670 grm. of oxyhemoglobin in 100cc., was only 
0:006° C., also about ;}5th of that of serum. For a solution of oxy- 
hemoglobin (four times crystallized) “in distilled water containing 
7°35 grm. in 100 cc. x 10°= 0531, and A=0°011°C. For the 
distilled water used 4(5°) x 10° = 0°20. 
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The following table shows the effect of the addition of oxyhemo-— 
globin to serum whose conductivity was \ (5°) x 10° = 76°82: 


2:5 78-48 0-37 78:11 . 
1-72 74°78 0-16 74°62 1°54 


Column I. gives the number of grammes of oxyhemoglobin in 
100 c.c, of serum; II. the conductivity (always expressed as (5°) x 10°) 
of the solution of oxyhemoglobin in serum; III. the portion of the 
conductivity due to the oxyhemoglobin ; IV. the corrected conductivity 
after deduction of the numbers in III.; and V. the percentage amount 
by which the conductivity of the serum is depressed for each gramme 
of oxyhemoglobin in solution. 

In using these results to correct the conductivity of laked blood, 
it is necessary to remember that when a gramme of oxyhemoglobin 
passes into 99c.c. of serum it increases its volume to approximately 
100 c.c. This increase in volume of course diminishes the specific 
conductivity of the serum by, say, 1 per cent. But, so far as the mere 
escape of hemoglobin is concerned, the corpuscles must diminish in 
volume to the same extent as the serum increases in volume. ‘So that 
the specific conductivity of the laked blood will not be affected by the 
simple transference of the hemoglobin from corpuscles to serum, but 
only by the solution of the hemoglobin in the serum. The actual 
amount, therefore, by which the conductivity of the blood will be 
depressed by the passage of a gramme of hemoglobin into 99c.c. of 
serum will be only 0°8 per cent. The solubility of the oxyhemoglobin 
of different animals is not accurately known. But it is such in the dog 
that as a rule at 18°C. the whole of the hemoglobin of completely 
laked blood cannot be dissolved in the serum, and some of it separates 
in the crystalline form. If we take the amount of hemoglobin in dog’s 
blood as 13 per cent. of the whole blood, it does not appear probable 
that, at most, more than 10 per cent. should exist in solution in the 
serum of completely laked blood. The maximum correction, therefore, 
which it may be necessary to make in the observed conductivity of the 
laked blood, cannot exceed 8 per cent. Any portion of the hemoglobin 
which crystallizes in the serum, ought not to affect the conductivity 
of the laked blood. For it did not conduct in the corpuscles any 
more than it does in the serum, and it does not.of course affect the 
conductivity of the dissolved electrolytes. 
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Laking by addition of water. 


That electrolytes, in considerable quantity, are contained in and may 
be liberated from the corpuscles, can be easily shown by the addition 
of water to blood or to a sediment of blood rich in corpuscles, after the 
greater part of the serum has been removed by the centrifuge. The 
specific conductivity of the blood is either absolutely increased in spite 
of the dilution, or it is diminished by a smaller amount than would 
have been the case, had no electrolytes come out of the corpuscles. 
(See Figs. 1—3, and Tables I., II. and III.) The molecular concen- 
tration of the serum may be diminished by a greater or a less amount 
than corresponds to the dilution. For example, if the blood has been 
diluted with an equal volume of water, A may be more or less than 
half what it originally was (Tables II. and VII.). It will be less 
when the amount of water added to the serum (whether water from 
the corpuscles or the directly added water) has more than compensated 
for the dissolved substances that have passed from the corpuscles into 
the serum. It will be greater when the amount of water added to 
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Figs. 1—8, Curves plotted from the results given in Table I. 


Fig. 1. Serum. 

Fig. 2. Defibrinated blood. 

Fig. 3. Sediment of defibrinated blood after centrifugalisation. 
a off along the vertical axis ; degree of dilution with water, along the 


horizontal 
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the serum has been over-compensated by the passage of dissolved 
substances out of the corpuscles’. 

In either case the conductivity of the blood after dilution with 
water is too great (even without making the necessary correction for 
the depressing influence of hemoglobin as a non-conductor in solution 
on the conductivity) to be explained without the assumption that, in 
addition to hemoglobin, electrolytes pass out of the corpuscles. The 
shadows of the corpuscles still remain relatively bad conductors, as is 
shown by the fact that when the diluted and laked blood is allowed to 
settle, the conductivity of the sediment is markedly less than that of 
the serum, just as is the case in unlaked blood (Table IIT). 

It is possible, by the addition of a large quantity of water, to bring 
out of the corpuscles as great a quantity of electrolytes as by any other 
method of laking employed, and exactly as much as by the use of 
saponin, an extremely powerful laking agent. 


I. 
N21") x 108 (21°) x 108 x 108 
Dog’s defib. blood 60°21 Sediment of blood 15°22 Serum 119-02 
+02 vol.H,O 651 (after centrifuge) +0°2 vol. H,O 102-22 
46 +0°2 vol. H,O 14°16 +044 ,, 87°41 
+06 41°49 13°31 10-72 75°89 
+0°8 38°98 +0°72 18°81 +107 ,, 65°16 
+1 35-26 +107 16°37 +1°48_ ,, 55°23 
82°69 18°00 +197 _ ,, 47°65 
81°58 +1°97 17°89 33°01 
+164 30°37 +2°5 a 17°48 22°75 
+208 _,, 27°76 +434 13°85 +12°22 ,, 12-07 
+33 ,, 22:60 +701 =, 11°23 
+88 ,, 21°42 - 8°31 
+62 ,, 16°06 +242 =O, 4°73 
II. 
A* 108 
(a) Rabbit’s defib. blood "636 36°26 
+ 1 vol. water “408 27°99 
(6) Dog’s defib. blood 33°80 Sp. gr. 1057°0; ash 1 
Sediment after centri-. 5697 (?) 21°64 Sp. gr. 1068-4. 
fugalisation 
Sediment + 1 vol. water 16°42 After standing 2 days, 16-83. 
Serum from the dog’s defib. 631 82°57 : 
blood 
+ lvol. water "822 47°20 
+ 8vols. ,, *167 28°10 


depressed below that of distilled water. —? 


1 Of. Hamburger. Archiv f. (Anat. u.) Physiol. 1897, p. 486. 
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Tasie ITT. 
108 
(a) Dog's defib. blood 3 28°87 
1 vol. water 19°10 
Serum of the diluted blood sepa- 20°44 Far more corpuscles in sediment than 
rated by centrifuge in serum. All are decolorised. 
Sediment of the diluted blood 15°75 
Sediment + 1 vol. water 13°89 


'(b) Another specimen of same blood 
was diluted with about twice 
its vol. of water and allowed 


to stand 48 hrs. in a cylinder | 
Clear liquid on top — 20°56 
vol. water 11-03} Ratio 1: 1°86. No corpuscles. 
+ 8vols. ,, 5°87 
Sediment Ratio 1 : 1-50. 
+ 1 vol. water | | 9°70) Many corpuscles, All decolorised. 
Laking by heat. 


This, like laking by water, is one of the more violent methods of 
laking. When blood is heated to 65° C., haemoglobin escapes, and is 
always, so far as these experiments go, accompanied by a portion of 
the electrolytes of the corpuscles, for the conductivity of the blood 
is increased, even when we do not allow for the depression of the 
conductivity by the dissolved hemoglobin. ‘But all the electrolytes 
which can be set free from the corpuscles by laking, have not come 
out of the corpuscles at a time when, as regards the liberation of 
hemoglobin, the laking process is complete. For (1) dilution of the 
heat-laked blood with water may cause an absolute increase in the 
conductivity, or may diminish it less than could be the case if the 
change were due merely to a diminution of the depressing influence 
of the hemoglobin and proteids, or to an increase in the amount of 
hydrolytic dissociation of electrolytes already present in the serum 
(Table TV.). (2) When the heat-laked blood is separated into serum and 
sediment, the sediment has a conductivity much smaller than that of 
the serum. But on dilution with water the conductivity of the sediment 
is diminished far less than that of the serum, so that ultimately, as. 
dilution is proceeded with, the conductivity becomes nearly the same 
for both (Table V., Fig. 4). Evidently, then, a large proportion of 
the electrolytes: remains in the shadows of the corpuscles, to be dis- 
charged when water is added. The conductivity of the serum of the 
heat-laked blood is not so much in excess of that of normal blood (even 
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when allowance is made for the depressing influence of the dissolved 
hemoglobin), as to permit us to assume that in laking by heat only 
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- 1, The defibrinated blood. . 
2. The sediment after laking by heat: 
| 8. The filtrate after laking by heat. —- 
_ Oonductivity along vertical, degree of dilution along horizontal axis. 
hemoglobin and electrolytes come out of he — Some water | 
must also come out. 

That the permeability of the oniiaal of the corpuscles for the 
ions of the serum, might be altered appreciably by an increase of 
temperature less than that at which laking is caused, is possible. 
With the view of gaining information as to this, a series of resistance 
measurements were made at various temperatures on specimens of 
“peptone ” blood and peptone plasma. As will be seen from Table VI. 
the increase in the conductivity of the plasma as the temperature is 
raised is more regular than the increase in the conductivity of the 
blood. The irregularities in the latter were especially marked during 
the second heating of the blood (Experiment of Feb. 11, 1898) when 
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laking took place; and might be due in part to the tendencyof the = =f 


corpuscles to settle to the bottom of the tube in which the measure- 
ments were made, although care was taken to avoid this source of error 
by shaking up the contents at intervals. 


Tasie IV. 
Dog’s defibrinated blood, 
x10 
Unheated blood 17°10 
Dec. 17, 1897. Blood heated to 65° C. 21°14 
Dec. 18 ,, after standing 22-08 
: + 1 vol. water | 23°47 
+8vols. ,, 16°59 
Dec. 19 ,,  Filtrate of heated blood (filtered through 42°89 
_ paper) 
+ 1 vol, water 28°01 
Sediment of heated blood 28°58 | 
+ 1 vol. water 21°34 
A(21")x 10° 
Aug. 25, 1897. Pig’s blood (defibrinated) 46°94 
Pig’s serum (from clot) 119°58 
Aug.26 ,, Pig's defib. blood heated to 60°C, 63°77 Laked, thick and tarry. 
+ 1 vol. water 51°05 
+ 8vols. ,, 82°71 
+ 7 vols, .,, 18°89 
15 vols. ,, 10°60 Still some coloured - 
tate in bottom of 
_ Original defib. blood which had 45-84 
not been heated 
+ 1 vol. water 38°64 
+ 8vols. ,, 28°15 
+ Tvols. ,, 17-90 
+ 15 vols. ,, 10°21 
defib. blood laked by stand- 
44-63 The blood is completely laked. 
+ 1 vol. water 
+ 8 vols. ,, | 28°84 
TABLE V. 
Ratio of conduc- 
aitution 
Dog’s defibrinated blood 25°97 
+ lvol water 22-80 
+ 16°40 
+ Trols. 10-18 
+ 15 vols. ,, 5°92 Li 
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Heated some of the blood té°60° ©. (filtered 
through dry paper) 
Filtrate (free from corpuscles; much 60°50 


Hb in solution) 
+ lvol. water 87°06 
+ Bvols. ,, 21°75 7 
+ Tvole. ,, 12°36 
+ 15 vols. ,, 7-10 cm 

Sediment on filter (numerous ghosts 36°21 

and Hb crystals) 
+ l-vol. water 29°96 
+ Svols. 19°48 
+ Tvole. ,, 
+ 15 vols. ,, 6°38 


Taste VI. 


_ Influence of temperature on the conductivity of ‘‘peptone” blood and peptone plasma. 
The blood and plasma were heated in a (J-tube in a bath, the temperature of which was 
read off, and the resistance was determined at various temperatures. 


Blood Plasma 
hx 108 Ax108 

Feb. 10/98. 47°96 Feb. 11/98. 190 115-2 

27°0 48°47 21°6 118-4 

80°3 52°60 25°7 134°1 

40°9 65°85 26°9 137°0 

43°9 69°64 157°4 

48°7 73°69 84°9 159°37 
Feb. 11. 21°6 40°88 44°] 187°77 

85°9 50°80* 

40°4 53°03 

48°3 64°6* 

55°3 79°7 

60°2 86°5 

76°3* 

76°8 

41°8 61°8 

84°3 55°38 

26-1 47°3 

18°7 40° 


* Here the contents of the tube were shaken up before the resistance was measured, 
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Crude quillaia saponin was used. It is a very energetic laking agent. 


It always, in these experiments, caused a great increase in the conductivity 


of the blood, while altering the freezing point of the serum but slightly 
(Tables VII. and VIII.). We must conclude that when blood is laked by 


10 


+7 Vols| 


3 Vols H,O} 


+1 Vol 
+6 Vols H,OL 


+ 
Fig. 5. Curves plotted from the results of Experiment (b), Table VIII. 
1, The defibrinated blood laked by saponin. 
2. The original defib. blood to which no saponin was added. 
Conductivity along vertical, degree of dilution with water along horizontal axis. 


saponin, hemoglobin, electrolytes and water come out of the corpuscles 
in about the proportions that correspond to the molecular concentration 
of the serum. As great a quantity of electrolytes is brought out by 
saponin as by dilution with water (Fig. 5). Like the other laking agents 
investigated, saponin when used in a strength which is just sufficient 
to cause the hemoglobin to leave the corpuscles does not completely 
destroy the latter. Many of them at any rate remain as “ghosts,” 
which can be more distinctly seen when a drop of Léffler’s methylene 
blue is added to a drop of the laked blood. But when more of the 
saponin is added, the corpuscles, or many of them, disappear altogether. 
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For example, a solution of saponin was made by dissolving ‘407 grm. 
crude saponin in dog’s serum, making up the volume with serum to 
10°5c.c., and filtering. A large drop of this was placed on a slide, and 
near it was put a small drop of the defibrinated blood of the dog whose 
serum had been used in making the saponin solution. When the 
coverslip was put on the drops came in contact, and it could be seen 


_ that most of the red corpuscles entirely disappeared. When saponin is 


added to pus it also increases the conductivity, probably by liberating 
electrolytes from the corpuscles. 


TABLE VII. 
A A) x108 
 Dog’s defib. blood 654 29°48 ‘Sp. gr. 1063-4; ash 

+ lvol. water 19°44 Isnotlaked. 

+2vols. ‘217. +1691 ‘Partly laked. 
The blood +0°22°, of crude saponin ‘695  51°347 

+ l vol. water ‘296 84:77 

+ 8 vols. ,, "154. 20:36 #$Completely laked. 


Serum of the blood (from the clot) 655 82°74 Sp. gr. 1026°7; ash -869°%,. 


Taste VIII 
5) x 108 
(a) Dog’s defib. blood which had stood for a week 15°79 
+ °06 of its volume of a sol. of saponin 40-79 
in serum 
The saponin solution 77°28 
The defib, blood + *06 vol. of the serum used in 99-57 
making the saponin solution 
Dog’s fresh defib. blood 24°59 
+ °06 vol. of the saponin solution 89°61 
+ ‘06 vol. of the « serum 26°80 
(6) Dog’s defib. blood ' 24°14 
+ l vol. water 19°40 
+ 8 vols. .,, 15°04 . 
+ T vols. ,, 9°60 


+7 vols. + saponin in substance 11-24 
3.25 p.m. Another specimen of same defib. blood + 


the same amount of saponin as was added to 28-72 Not laked at 3.55 p.m. 


the diluted blood 
4.8 p.m. 39°01 Laked. 
4.30 p.m. , 44-55 Better laked. Next 
day 49°90. 


+ 1 vol. water 31°33 Next day 82-96. 
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Laking by foreign serum. 


‘When dog’s serum is added to rabbit’s blood, laking, as is well 
known, takes place. The conductivity of the blood is diminished 
during the laking process, but probably not more than corresponds 
_ to the depression of conductivity caused by the hemoglobin. The 
molecular concentration of the serum may even decline. (Table X.), 
We may, therefore, conclude that electrolytes do not pass at all or 
pass only in relatively small amount, from the corpuscles to the 
serum while the hemoglobin is escaping. Since all or most of the 
electrolytes remain in the ghosts, the laked blood behaves on dilution 
with water very much as ordinary defibrinated blood does [Table 
TX., especially Exp. (a)]. Experiment (b) Table IX., shows that the 
addition of saponin to rabbit's blood which has been laked by dog's 
serum also causes electrolytes to pass out of the corpuscles. When 
ammonium chloride has been added to rabbit’s blood (and ammonium 
chloride, as Hedin? has proved, and as is well shown in Table XVIL., 
freely penetrates the corpuscles) the dog’s serum produces laking far 
less readily, that is, brings out the hemoglobin less easily than in 
normal blood; but it nevertheless increases the conductivity of the 
blood, perhaps by causing some of the ammonium chloride to leave the 
corpuscles and enter the serum. The addition of saponin to rabbit's 
blood containing ammonium chloride after the dog’s serum has pro- 
duced its effect, causes an additional quantity of electrolytes, doubtless 
including ammonium chloride, to escape from the corpuscles (Table X.). 

It is of interest that when the dog’s serum is heated to 60° 
to 65°C., neither its molecular concentration nor its conductivity is 
altered appreciably. Yet, as is known, the serum after being heated, 
loses its power of laking rabbit's blood. Another point which seems 
worthy of notice is that when dog’s serum is added to rabbit’s blood 
[Table IX., Exp. (a)], the conductivity of the blood is less than it. 
should have been if simple mixture had taken place. This is true even 
when the laking power of the serum has been destroyed by heating. 
The explanation perhaps is that electrolytes pass from the serum into 
the corpuscles. The depression of conductivity due to the presence 
of the non-conducting proteids cannot account for it, as the dog’s 
serum cannot have contained the necessary excess of proteids as 
compared with rabbit's serum. It is possible that the passage of water 


1 loc.. cit. 


‘ 
+ 
+ 
4 
4 
Py 
4. 
4 
7 
4 
{ 
og 
3 
3 
3 
\ 
€ 
sys 


BLOOD CORPUSCLES. 


227 


from the serum into the corpuscles might contribute to the diminution 
of conductivity. For concentration of the serum would increase the 
depressing power of the proteids, diminish the dissociation of the 
electrolytes and narrow the conducting paths between the corpuscles, 


TasLe IX, 


(a) 5c.c. bitch’s serum + 5 c.c. rabbit’s blood 


(allowed to stand 10 mins, before conduc- 
tivity was measured) 


Mixture + 1 vol. water 
+ 8 vols. ,, 
The bitch’s serum 
The bitch’s serum after heating to 61: 0.) 
for 10 mins, 
5 c.c. of the bitch’s serum which had been 
heated + 5.c.c. rabbit’s blood 


Mixture + 1 vol,, water 
+8 vols. ,, 
The rabbit’s serum (from clotted blood) 
The rabbit’s defibrinated blood 
The bitch’s 
The bitch’s defib. blood + ait equal volume 
of the rabbit’s serum 
The rabbit’s defib. blood + saponin 
Dog’s serum 
Rabbit’s defib. blood 
Rabbit’s defib. blood + 1°2 vol. of dog’s serum 


The mixture + -06 of ite vol, of a saponin 
solution in serum 
The saponin solution — 


A(5°) x 108 

51°84* Not lakedin 10 mins. 

49°70 35 mins. after mixture. Is 
now laked. 

35°06 

20-97 

84°22 

84:22 

56°46* The measurement was 
made 13 mins. after mix- 
ture. No laking. 

33°49 

20°49 

80°22 

41°69 

40°24 

58°43 No laking. 

65°17 Laked. 

83°25 

88-23 

5871+ Partly laked, Conductivity 
measured 1 hour after 
mixture. 

55°11 After standing some time 
longer. Next day 57-613, 

67-065 

82°68 The saponin sol. was made 


by adding 260 grm. crude 
saponin to 5c.c. of dog’s 
serum which had been 
heated to 65°C. 


* If simple mixture had taken place without any interchange between corpuscles and 
serum, the conductivity should have been 62°95. 

+ If there had only been simple mixture, the conductivity should have been 62-78. 

t If the saponin had not liberated additional electrolytes from the corpuscles the 


conductivity should have been only 59-03. 


PH. XXIV. 
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Rabbit’s blood + dog's serum. 

x 108 

Rabbit's defibrinated blood 88-235 
+ 1°12 °/, NH,Cl 1038-26 
+ 1°2 vol. dog’s serum 106-07 


10651 A little later. Far less laking 
than in blood to which no 


NH,Cl was added. 
+°06 vol. saponin solution in 12014 


e heated dog’s serum* 
18034 Next day. Completely laked. 


The dog’s serum 83°25 
The saponin solution 82°68 
Rabbit’s defib. blood + 1°11 °/, NH,Cl 101:40 


+ 1°2 vol. dog’s serum heated to 65°C. 100-00 
102-22 Nextday. Not laked at all. 
+ °06 vol. saponin solution 118°17 
12218 Next day. 


* The saponin solution was made by adding ‘260 grm. saponin (crude) to 5 c.c. of dog’s 
serum which had been heated to 65°C, 


Spontaneous laking. 


In my experiments, bacteria were always present when blood was 
allowed to stand till it became laked. I prefer, however, to speak of 
the process as “spontaneous laking,” rather than laking by bacterial 
products. For we do not know that the latter are the essential cause 
of the laking, which certainly can occur when bacteria are excluded, as 
when blood is sealed up in a sterilised pipette, or enclosed in small 
cavities in a plug of sterile paraffin of low melting point injected, 
while melted, into the circulation. 

When blood is spontaneously laked, much of the electrolytes must 
remain in the corpuscles at a time when laking, as regards the 
hemoglobin, is complete. For the conductivity of the blood may be 
even absolutely less after than before laking. When a correction is 
applied for the depression of conductivity produced by the dissolved 
hemoglobin, the conductivity is, however, usually somewhat increased 
by laking. But this increase is not nearly so great as that produced 
by laking agents like water and saponin which bring out electrolytes in 
large amount from the corpuscles. And when spontaneously laked blood 
or a spontaneously laked sediment of blood that is rich in corpuscles is 
diluted with water, a much greater relative increase in the conductivity 
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is caused than could be brought about merely by the dilution of the 
proteids and the hemoglobin. This can only be due to the escape — 
‘of electrolytes from the corpuscles, This marked increase in the 

conductivity on dilution is only obtained when numerous ghosts are 
present (Fig. 6); the electrolytes are, therefore, contained in the ghosts 
after the hemoglobin has passed out of them, and are liberated by the 


10 


Fig. 6. Curves plotted from the results of exp. (c), Table XI. 


1. Top of blood after spontaneous laking. 
2. Bottom ” 9 


Conductivity along vertical, degree of dilution along horizontal axis. 


action of the water, just as happens when water is added to ordinary 
blood with the hzmoglobin still inside the corpuscles. Indeed when 
the dilution is carried far enough, the conductivity is found to be about 
the same for the blood that is first spontaneously laked and then 
diluted and for the blood that is laked by dilution. In other words, in 
the spontaneously laked blood it is the same electrolytes that are 
present in the ghosts as are normally present in the intact corpuscles. 
(See Table XI.) 

The question might here ie asked, whether the hemoglobin when 
it passes out of the corpuscle in spontaneous laking does not carry with 
it in combination the electrolytes of the corpuscle. If this were the 
case there might be no increase in the conductivity until the electro- 
lytes were split off from the hemoglobin, although all the time they 
might be outside of the corpuscle. The same question applies to any 
of the forms of laking in which the conductivity of the blood is not 
immediately and markedly increased by the laking, for instance the 
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laking by a foreign serum or the kind of laking we shall have to 
consider next, by alternate freezing and thawing. The answer is 
afforded by separating the serum from the ghosts of the laked blood. 
This can be more easily done by filtering through a porous clay pot 
than by centrifugalisation. The pot is soaked for a long time in distilled 
water; most of the water is then drawn out of the pores by suction. 
The laked blood is then filtered into the pot, the first of the clear 
serum which comes through being thrown away. When spontaneously 
laked blood is treated in this way it is found that the filtrate behaves 
on dilution with water as serum does; that is, no evidence is obtained 
of the existence of any compound of hemoglobin or other non- 
conducting substance with electrolytes, which can be split off by 
dilution, On the other hand when the sediment containing the ghosts 
is diluted there is distinct evidence that electrolytes are brought into 
solution in the liquid, conducting portion of the sediment. These, of 
course, can only come from the ghosts of the corpuscles [see Table XL, 
Exp. (d)]. 

While it is true that in spontaneous laking the liberation of the 
heemoglobin precedes that of the great mass of the electrolytes of the 
corpuscles, yet eventually the electrolytes escape also; and if the 
temperature is high this occurs earlier than if it is low [Table XI, 
Exp. (b)]. The same is true of all the laking agents investigated. Any 
agent which is capable of liberating hemoglobin will in course of time | 
set free the electrolytes also. And when a large quantity of the laking 
agent is allowed to act, the electrolytes will be liberated sooner than 
when the quantity is small. : 


TaBLeE XI. 

A(21°) x 108 

(a) Pig’s defib. blood 46°94 

» 49  laked by standing two days 44°68 

The laked blood + 1 vol. water 41°15 
+8 vols. ,, 28°84 

(6) Defib. blood from another pig, stood two days, not laked 87°72 

+1 vol. water 41°62 

+ 8vols. ,, 29°70 

+7 vols. ,, 17°98 

The same blood, on following day, now completely 15°22 

laked by standing at room temperature 

+ 1 vol. water 53°59 

+ 8 vols. ,, 33°89 

+ 7 vols. ,, 19°77 

Sediment of the spontaneously laked blood after 74°34 


centrifugalising 
Ditto from another tube 72°84 
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«108 
(c) Dog’s defib. blood laked by standing 12 days. Then sie 
centrifugalised. There is little difference between 
top and bottom of tubes as regards the number of 
ghosts. Numerous in both. 
Liquid from top of tube 25°71 
os bottom of tube 28°51 
Liquid from bottom + 1 vol. water 31°61 
"+ 8 vols. ,, | 21°61 
+ 7 vols. ,, 
‘Liquid from top (after standing all night in the cold) 30-10 
+ l-vol. water 33°98 
+ 8vols. ,, 22°94 
+ Tvols. ,, 13°32 
+ 15 vols. ,, 7°63 
(d) Dog’s defib, blood laked after standing 8 days at 25-24 
room temp. 
+ 1 vol. water 31°45 
Filtrate of the defib. blood after filtering through 90°86 
(ce) Dog’s defib. blood allowed to stand 5 days at room ? 
temp. Then centrifugalised before laking was 
complete. The corpuscles separated more readily 
_ than in completely laked blood. Allowed “top” 
and ‘‘bottom” of centrifuge tubes to stand sepa- 
Bottom 7°98 Many = 
Top 59°37 
On following day, Bottom 12°32 


Laking by freezing and thawing. 


In this form of laking the freezing point and the conductivity are 
scarcely changed (for dog’s blood at any rate) by the passage of the 
hemoglobin into the serum. If allowance is made for the influence 
of the dissolved hemoglobin on the conductivity, it may be found 
somewhat increased. This would indicate that along with the hemo- 
globin a certain amount of water and electrolytes come out of the 
corpuscles and in the proportions that correspond to the molecular 
concentration of the serum. But the increase in the conductivity of the 
laked blood is too small to permit the assumption that the electrolytes 
escape from the corpuscles as freely as they do when blood is laked by 
water, by saponin, or even by heating (Tables XII. and XIII). 
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Tasie XII. 

A x 108 
Dog’s defib. blood "632 89°24 
Serum (from clot) "629 82°04 
The same blood on following day 668 39°73 
_ The same blood laked by freezing and thawing "668 39°86 

The laked blood+1 vol. water 277 29°30 * 
+3 vols. ,, 132 19-06 

The unlaked blood+1 vol. water 290 24°58+ 
+8 vols. ,, 124 17°39 
Serum from the unlaked blood 631 82°57 
, +1 vol. water 822 47°21 
+8 vols. ,, 28°10 


* After standing overnight in the cold, 29°61; transparent liquid after corpuscles have 
settled, 29°51. 


+ After standing overnight in the cold, 26°52; transparent liquid after corpuscles have 
settled, 32-05. 


TABLE XIII. 


A(6") x 108 x 108 
Dog’s defib. blood (sp. gr. 1055) 32°71 Sediment of the defib. blood (after 
Blood frozen and thawed twice centrif.) 18°10 
(laked) 28°01 +1vol, watert 16°14 
thrice (laked) 28°58 * -+2vols. ,, ¢ 16°08 
5c.c. of the laked blood+1c.c. water 27°49 +4vols. ,, 13°00 
+2c.c. ,, 26°74 | Sediment thawedandfrozenthricet+ 21°00 
+8c.c. ,, 25°89 +1lvol. water 21°74 
+5¢.0. ,, 24°37 +2vols. ,, 18°05 
5c.c. of the unlaked blood+5c.c. +4yvols. ,, § 18°63 
water 20°98 
Serum (from clot) 82°04 


* After standing 19 hours, 28°19. + Partially laked. t Completely laked. 
§ Still remains less transparent than the diluted unfrozen sediment. 


The facts cited above show that the large hemoglobin molecules 
may, under certain conditions, pass out of the corpuscles while the 
small molecules of the electrolytes are still retained within them. 

The converse is also true: electrolytes may be caused to pass 
through the envelope of the corpuscles while the hemoglobin remains 
in situ. For example, the addition of cane-sugar in substance increases 
the conductivity of blood in spite of its depressing influence as a 
non-conductor (Table XIV.). This increase seems too great to be 
accounted for by the passage of water alone into the serum, although 
this would to some extent increase the conductivity by diluting the 
proteids and increasing the degree of dissociation of the electrolytes ; 
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electrolytes must also pass out of the corpuscles, The hemoglobin, as 
is well known, remains in the corpuscles. 

When blood is saturated with carbon dioxide the same thing 
happens; electrolytes pass into the serum, and the molecular concen- 
tration of that liquid is increased while the hemoglobin is not set free. 
Hamburger was the first to make this observation. I had noticed the 
same thing before seeing his paper; and I am able to add to his result 
the fact that while the conductivity of the serum is increased by 
saturation with carbon dioxide, the conductivity of the sediment of 
defibrinated blood may be somewhat diminished. The explanation 
probably is to be found in the swelling of the non-conducting corpuscles 
which over-compensates the increased molecular concentration of the 
serum (Table XVI.). For I have observed that when the ratio 
Volume of corpuscles 

Volume of serum 
the conductivity diminishes at a continually accelerating rate’. 

_ This may also be the explanation of the diminution of conductivity 
that takes place when blood is allowed to stand at the ordinary 
temperature before: laking has as yet occurred. The swelling of the 
corpuscles in this case might be caused either by an increased osmotic 
pressure in their interior due to the splitting up of some of their 
constituents or to the production of carbon dioxide by bacteria. I 
have given an account elsewhere of the changes that take place in 
the freezing point and conductivity of blood and other culture media 
during the growth of bacteria’. 

That water may under certain conditions pass into the corpuscles, 
and electrolytes escape from them while the hemoglobin remains within 
them, is shown by the experiment quoted in Table XV. Here A is so 
great for the serum obtained from the mixture of blood-sediment and 
cane-sugar solution, that water must either have passed from the serum 
into the corpuscles or electrolytes from the corpuscles into the serum. 

Since the cane-sugar solution is hypoisotonic to the serum of the 
blood-sediment we may in any case assume the passage of some water 
into the corpuscles. But the conductivity of the mixture of blood- 
sediment and cane-sugar solution could not be so high as it is unless in 
addition some electrolytes had passed out of the corpuscles. If we 
leave out of account on the one hand the depressing influence of the 
cane-sugar, and on the other the increase of dissociation of the 


1 Of. Centralb. d. Physiol. x1. No. 10, pp. 888, 884. 
2 Journ. of Exp. Med. April, 1899. 


in a specimen of defibrinated blood increases, 
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electrolytes in the serum of the blood-sediment, since these act in 
opposite directions on the conductivity, we should only expect that 
» (5°) x 10° would be about 16°5 for the mixture of blood-sediment 
and sugar solution, instead of 24°61, as it actually is. 


XIV. 
x 108 X 108 
Dog’s defib. blood . 17°13 The original defib. blood (after 
+cane-sugar in substance* 22°14 standing overnight) 11°80 
(after standing overnight) 18°37 +lvol. water 22°10 
The cane-sugar blood +1 vol. water 23°96 +8vols. ,, 17°71 
+8vols. ,, 18°09 +7 vols, ,, 10°97 
+7vols.. ,, 10°90 
* With the microscope many corpuscles are seen to be shrunken. 
TaBLE XV. 


x 108 


$2°62 
0°30 


A 

Sediment of dog’s defib. blood 589 

A cane-sugar solution 296 

Sediment of blood+1 vol. cane-sugar solution 

7 (after standing 23 hours in the cold) "436 24°61 

Serum from this mixture *436 84°72 

Serum from clot of blood (from another dog) 598 81°51 
427 


+1 vol. of the cane-sugar solution 41°69 
Taste XVI. 
4 A(5)x 108 
Retinsent of dog’s blood saturated with oxygen *670 18°14 
saturated with CO, "871 17°36 


Serum (from clot of another specimen of dog’s blood) 
7 saturated with oxygen 616 85°93 
saturated with CO, *670 87°113 


Behaviour when blood is laked of electrolytes artificially 
_ introduced into the corpuscles. 


That in certain respects electrolytes artificially introduced into the 
corpuscles behave like the electrolytes normally contained in them is 
shown by the experiments given in Table XVIII. The fact that 
ammonium chloride passes easily into the corpuscles has already been 
referred to. In the experiment of Table X VIL, the behaviour of sodium 
chloride and cane-sugar which do not readily pass into the corpuscles 
is compared with that of ammonium chloride. The solutions were 
added to a sediment obtained by centrifugalising dog’s defibrinated 
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blood. The sediment was employed in preference to the defibrinated 
blood, so as to have a very large number of corpuscles in the mixture. 
A comparison of the freezing-point determinations and the electrical 
conductivity shows clearly that a very large proportion of the ammonium 
chloride passes into the corpuscles. But when these corpuscles, highly 
charged as they are with good-conducting electrolytes, are separated 
as far as possible from the serum, they are found to conduct (taking 
account of the higher conductivity of the serum which unavoidably 
remains between them) little, if at all better than the ordinary 
corpuscles which are practically non-conductors. In other words, the 
electrical resistance of the envelopes, permeable as they are to the 
ions of ammonium chloride, is still very great. This can only mean 
that the number of ions passing through the envelopes in @ given time 


+1 Vol HO +2 Vols H,O+3 Vols H,O+4 Vols H,O 


Fig. 7. Curves plotted from the results of Table X VIII. 
1. Sediment of defib. blood to which ammonium chloride had been added before 
dilution with water. 
2. Sediment of defib. blood without addition of ammonium chloride. 


Conductivity along vertical, degree of dilution along horizontal axis. 
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is much less than the number which in the same time would pass 
through a layer of the serum of corresponding thickness. 

The experiment of Table XVIIL, from which the curves of Fig. 7 are 
plotted, shows that ammonium chloride artificially introduced into the 
corpuscles is liberated when the blood is laked (by dilution with water) 
very much in the same way as the normal electrolytes of the corpuscles. 
This, so far as it goes, is in favour of the view that these electrolytes or 
a great portion of them exist in solution in the corpuscles, since it is 
most natural to suppose that this is the condition of the ammonium 
chloride after it has diffused into them. It is worthy of note that blood 
which has been treated with ammonium chloride is less readily laked 


by the addition of a foreign serum or saponin than normal blood. 


Although all the experiments hitherto described have been performed 
on blood with non-nucleated red corpuscles (dog, rabbit and pig), a 
sufficient number have been made on blood with nucleated corpuscles 
(fowl, goose) to show that in essentials its behaviour to laking agents 


is the same. 
Taste XVII. 
A AS) x108 A X6)x108 
Sediment of dog’sdefib.blood °589 32°62 | Sediment of dog’s blood “589 32°62 
A NaCl solution 605 113°94 NH, Cl solution “647 144°86 
Sediment +1 vol. NaCl solu- Sediment + 1 vol, NH,Cl solu- 
tion * 595 68°14 tion * "592 52°92 
Serum from this mixture ‘595 99°80 | Serum from this mixture 692 58°68 
! ete Sediment from the NH,Cl 
blood 89°92 
* These mixtures were allowed to stand 21 hours in the cold before the observations 
were made. 
XVIII. 
A(5") x 108 x 108 
Dog's defib. blood 24°61 | The defib. bld+NH,Clin substance 51°52 
Serum after centrif. 79°46 Serum from this mixture (after 
Sediment after centrif. 16°10 centrif, ) 160°95 
Sediment + °*4 vol. water; not laked 13°40 Sediment from this mixture (after 
°56 vol. water (partly laked) 13°89 centrif.) 1713 
+‘78vol. ,, (more completely + °4 vol. water 15°31 
laked) 14°70 +°56vol. ,, (partly laked) 16°74 
+1-°09vol. ,, (completelylaked) 18°29 vol. ,, 22°89 
+1°52vol. ,, 11°27 +1°09vol. ,, (more completely 
laked) 22°15 
+1°52 vol. ,, 19°80 
+ 2°18 vols. water 16°78 
+298 vols. ,,. 18°96 


+4°17 vols. 10°65 
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SUMMARY. 


I propose to take another opportunity to consider in some detail 
certain of the facts here presented, in connection with some further 
work which I hope soon to conclude, It will be sufficient now to repeat 
and briefly to discuss the conclusion that the relations of the 
haemoglobin and the electrolytes of the corpuscle to some 
of the other constituents of the corpuscle or to the envelope 
are such that under certain conditions haemoglobin may be 
liberated while the electrolytes are retained; while under 
other conditions electrolytes may pass through an envelope 
which refuses passage to the haemoglobin, although in 
general it is easier for the haemoglobin, in spite of the 
great size of its molecule, to escape from the corpuscles 
than it is for the electrolytes. 

If the hemoglobin and the electrolytes are in ordinary solution in 
the corpuscles the mere statement of these facts would suffice to show 
that the envelope of the red corpuscle is very different from an ordinary 
colloid membrane. But while it is impossible to explain the osmotic 
equilibrium between the corpuscles and the plasma without supposing 
that a portion at any rate of the electrolytes is in solution in the 


corpuscle, it is equally impossible to admit that all the hemoglobin is - 


in solution as such. For in the first place, the corpuscles do not contain 
enough water to dissolve all the hemoglobin; and in the second place, 
when blood is diluted with water hemoglobin comes out of the 
corpuscles in proportion to the degree of dilution. If the hemoglobin 
were in solution it ought all to escape at the degree of dilution at which 
the envelope was first rendered pervious to it. The possible hypotheses 
as to the condition of the hemoglobin and electrolytes in the corpuscles 
seem to be the following: (1) A portion of the electrolytes and of the 
hemoglobin is in solution as such; and the rest is in solution as 
compounds with other substances, such compounds being unable to 
pass through the envelope. (2) A portion of the electrolytes and of the 
hemoglobin is in solution as such, and the rest exists in a solid or 
semi-solid form, united to some constituent of the stroma. (3) A 
portion of the electrolytes, but none of the hemoglobin is in solution 
as such; the whole of the hemoglobin and the rest of the electrolytes 
being in solution in the form of such compounds as are mentioned in 
(1). (4) A portion of the electrolytes but none of the hemoglobin is 
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in alukio as such ; the rest of the electrolytes and all the hemoglobin 
are united with the stroma. | 

Perhaps the hypothesis which best takes account of the facts of 
laking is the last. We may suppose that when laking is brought about 
by the less violent methods (foreign serum, spontaneous laking, freezing 
and thawing) the hemoglobin is split off and passes through the envelope, 
which, though not normally permeable to dissolved hemoglobin’, is 
normally permeable to dissolved hemoglobin rendered permeable in the 
process of laking. The permeability of the envelope to the electrolytes 


_ may be only slowly altered, or the electrolytes only slowly split off from 


their compounds, With the more violent agents (saponin, dilution with 
water, heat) not only may the hemoglobin be rapidly split off but the 
electrolytes also, while the permeability of the envelope for both may 
be increased. It is certain that the laking process is not a coarse rupture 
of the envelope. For even when all the hemoglobin has been discharged, 
the whole or nearly the whole of the electrolytes may still remain pent 
within the shadows of the corpuscles, and their envelopes may be as 
impermeable to ions as before. In fact an essential part of laking 
would seem to be an alteration in the relations of the hemoglobin and 
other substances in the interior of the corpuscles, possibly in the case 
of some of the laking agents leading to an increase in the molecular 
concentration, and therefore in the osmotic pressure of the contents 
of the corpuscles, and secondarily to an influx of water from the serum. 

Without attempting to decide the vexed question, whether the red 
corpuscle is a mere vesicle or a spongework, I may point out that it 
is hardly possible to conceive that the nucleus of the nucleated red 
corpuscle floats in the centre of a solution of hemoglobin without 
altering its position; and that if the nucleated red corpuscle has a 
solid or a semi-solid framework, it seems highly probable that the 
non-nucleated red corpuscle has such a framework too, since it reacts in 


the same way to laking reagents as the nucleated corpuscle. 


1 In connection with a research on the relative volume of corpuscles and serum in 
defibrinated blood, I have incidentally shown that h»moglobin artificially dissolved in the 
serum does not pass into the corpuscles. One of the methods employed by me depends 
on the addition to the blood of a known amount of hemoglobin or a solution of hemo- 
globin in the serum of the same blood. The hw#moglobin is uniformly distributed through 
the serum of the blood, a sample of which is removed by the centrifuge, and from the 
amount of hemoglobin in it the quantity of serum in the defibrinated blood can be 
estimated. I have compared the results given by this method with those given by 
Hoppe-Seyler’s method and by the electrical method (Centralb. f. Physiol. x1. Aug. 7, 
1897), and find a close agreement, which, of course, could not be the case if a sensible 
amount of the dissolved hemoglobin were taken up by the corpuscles. 
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HEAT RIGOR IN COLD-BLOODED ANIMALS. By H. M. 
VERNON, M.A. M.D., Fellow of Magdalen College, Oxford. 
(Seventeen Figures in Text.) 


(From the Physiological Laboratory, Oxford.) 


COMPARATIVELY few exact observations have been made with regard 
to the temperatures at which the tissues of cold-blooded animals pass 
into a fatal heat rigor or heat contraction. The subject was first 
Investigated by Pickford’, but he does not give any exact data. 
Schmulewitsch? found that the gastrocnemius of the frog went into 
heat rigidity and lost its irritability at 40° or 41°. Gotschlich’ 
found that the sartorius of the frog gradually entered into pronounced 
heat rigor if kept some hours at 35°. On further warming to 37° there 
was a slight additional contraction, but there was no trace of further 
shortening on heating to 45°—50°. At 65° to 75°, however, there was 
always a final considerable shortening, due probably to the coagulation - 
of the serum albumin present. Again Morgen‘ found that in the 
sartorius of the frog there was a first heat contraction at 40°, another 
at 45°, and another at 65°, this last corresponding with the temperature 
of coagulation of albumin. | 

Brodie and Richardson® have recently investigated somewhat 
fully the effect of heat on the sartorius and also the semimembranosus 
and gracilis muscles of the frog, but their experiments chiefly concern 
the effects produced on the length before the onset of heat rigor. The 
shortening was found to begin at from 28° to 37°, it varying in different 
muscles and being affected by the load and the rate of rise of tem- 


1 Zeitschr. f. ration. Med. 1, p. 335. 1851. 

2 Centralb. f. d. Med. Wissenschaften, p. a. 1867. 

3 Pfliger’s Archiv trv. p. 109. 

4 Bernstein’s Untersuchungen aus, d. Physiol. Institut. d, Univers. Halle, 1, p. 160. 
1890, 

5 This Journal, xxi. p. 353. 1897. Also Proc. Roy. Soc. uxt. p. 78. 1897. (The full 
paper of which this is an abstract has not yet been published, hence it is not possible to 
say how far the results obtained by these authors cover those detailed in the present 
paper.) 
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perature. The usual temperature was from 32° to 34°. The point at 
which the heat contraction culminated seemed to depend largely on 
the rate of heating, but even with rapid heating it was very little 
above 40°. On further heating, if the load were very low, there were 
further contractions occurring respectively at about 48°, 56° and 65°. 
These contractions disappeared, however, on slight increase of the load, 
whilst on still further increase, rupture ensued. 

The temperature of heat rigor in fatigued and unfatigued frog’s 
gastrocnemii has recently been determined by Latimer’. The onset 
of rigor occurred from 5° to 13° earlier in the fatigued muscle, but was 
completed at nearly the same temperature in both muscles. In normal 
muscle the shortening usually began at about 37°, and was completed 
at about 43°. | 

The few experiments thus far made have therefore been almost 
confined to the voluntary muscles of the frog. Upon the involuntary 
muscles and upon other animals there appear to be practically no 
observations, except a few made by Morgen’ on the stomach of the 
frog. In this instance he found that the excitability disappeared at 50°, 
and that the heat contraction began at 57°, and continued uninter- 
ruptedly to 85° or more. It seemed of interest, therefore, to determine 
the temperatures of heat contraction and loss of excitability in other 
contractile tissues besides the voluntary muscles, and also to make 
observations on as many different members of the animal kingdom as 
could be conveniently obtained. These amounted in all to eighteen, 
ten of them belonging to the vertebrates, and eight to the invertebrates. 


The method of experiment. 


The tissue under observation was fixed at its lower end ina small 
clamp, which was soldered in a vertical position on to a brass rod 
having a rectangular bend about an inch from the clamp. The other 
end of the brass rod was also bent at a right angle, but in the opposite 
direction, and was firmly fixed in a stand. The upper end of the 
tissue was ligatured with cotton thread, and this was in turn tied to 
a very light copper wire chain, which was hooked on to the short arm 
of the recording lever. In the first portion of the experiments, the 
cotton thread, about 20cm. in length, was tied directly to the lever; 
but it was found that thereby a source of error was introduced. Thus 
the thread, though only a centimetre or less of it was actually immersed 


1 Amer, Journ. Physiol. u, p. 29, 2 op, cit. 
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in liquid, was found to shorten considerably on heating. In fact, in 
two experiments in which the contraction was measured, it became no 
less than 3°4 and 33 mm. absolutely shorter, or respectively 1°70 and 
1°65 °/, of its length, on heating from 12° to 90°. Waxed thread was 
no better than unwaxed. Moreover, this shortening was not regular. 
It was very slight and practically regular up to 69°, but above this 
temperature increased and became somewhat irregular. It is probable, 
indeed, that many of the small notches and irregularities present in 
some of the curves figured by Brodie and Richardson are due to 
this cause, and not to the contractions of the muscles. In the present 
research, when the copper chain was substituted, not more than ‘5 
to 1 cm. of pesos was used for the connection with the contractile 
tissue. 

The recording lever was so arranged that in almost all of the 
experiments the long arm was exactly five times the length of the 
short one, though in a few of them the movement of the tissue was 
magnified ten times. The clamp with the tissue was placed in a small 
beaker of ‘6°/, saline solution, and this was supported in a larger 
beaker of water. The temperature of the tissue was taken by means 
of a thermometer registering tenths of degrees, which was fixed with 
its bulb as close to the tissue as possible. In order that the gradual 
warming might be quite regular, a stream of air was made to bubble 
through the outer beaker of water during the whole experiment, 
whereby the water was kept well stirred and evenly heated in all parts. 

The saline solution used was made up with tap water containing 
a good deal of chalk, and it seemed to afford an admirable medium for 
preserving excitable preparations in. Thus Prof. Gotch has informed 
me that excised frog’s nerve may be kept in it for ninety hours in an 
excitable condition. 

In performing an experiment, the outer eakier of water was 
warmed at such a rate that a complete experiment, in which the 
tissue was heated from about 12° to 90° C., took from 30 to 45 minutes, 
the time in most cases varying little from 35 minutes. The water was 
always heated much more slowly during the first part of the experi- 
ment, before the tissue had passed into heat contraction, than in the 
latter part, in order that the temperatures of onset and culmination 
of the heat contraction might be determined as accurately as possible. 
By means of a Depréz signal, each degree of rise of temperature of the 
thermometer was recorded on the revolving drum, so that the exact 
temperatures at which the various contractions or relaxations of the 
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tissue occurred could be easily determined afterwards by fixing the 


record to a drawing board, and measuring them off by means of a 
T square and compasses. 

In order to determine the effect of heat on the excitability, the 
tissue was stimulated by a maximal induction shock at every degree 
interval of rise of temperature, or, in the case of certain slowly relaxing 
involuntary muscular tissues, at two degree intervals. As the tem- 
perature at which the excitability disappeared was approached, the 
stimulus was generally applied at respectively half degree and degree 
intervals, A strong stimulus was necessary owing to such a very large 
proportion of the current being short-circuited by the immersion of the | 
exciting electrodes in saline fluid. With involuntary muscle, and the 
tissues of most of the invertebrates examined, the constant current of 
four Daniell’s cells was used for excitation, the circuit being kept 
closed either for an instant only, or for several seconds, according to 
the nature of the preparation. 


The results obtained with voluntary vertebrate muscle. 


In the accompanying table the results obtained are collected, whilst 
Second secondary 


Sartorius (mean) 69°2°  90-0° 
Gastrocnemius (mean) 33°3 386 420 468 591° 716 
300 86:0 42:0 483 56 69°  90°0 
820 875 42:2 710 90-0 
Pectoralis major 280 355 410 56°0 64°5 90°0 
| Beotus abdominis 360 41-0 63°83 90-0 
300 395 480 500 526 BR. 72 
Hyoglossus 885 42:0 651°0 R. 56 
i 880 870 411 R. 56 
820 39:0 420. 506 556 728 
(Sartorius 
880 «405 107 90 
$15 385 6448 900 
# | Gastrocnemius 870 415 467 516 655 718 81° 
855 48-0 46-1480 
360 400 459 665 782 90-0 
| Beotus abdominis 845 «405 90-0 
840 410 600 61-0 113 900 
Hyoglossus 990 410 455 550 
340 885 476 54:0 624 72:0 800 
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Loss of Initial contraction contraction 
ex 
Animal Muscle at wed ~ at at at at 
‘Sartorius 810° 89°0° 42°79 5§2°5° 
319 480 456 653°2 710 90°0 
290 890 440 B.75 
$40 420 456 511 606 715 800 
Rectus abdominis 300 3890 452 68°5 
Hyoglossus 350 405 46:1 55°77 622 $730 983-4 
355 3880 427 580 61:8 R. 67 
(Abdominal muscles 340 365 480 651°8 700 90°0 
|Museles of back 360 43-0 R. 44 
% | Muscles of tail 34:0 389° 48°83 72°5. 90°0 
“ \Adduetor of post.limb 260 390 48% 116 80-7 
(Adductors of lower limb 345 3890 425 651° 90-0 
4 Hyoglossus 350 350 413 508 68-2 
Retrahens colli 42:0 475 562°3 (686 90-0 
420 480 651°8 686 900 
Suprascapularis (425 425 519 615 900 
& |Claviculo-brachialis 450. 520 52° 66°38 
~ | Semi-membranosus 290 470 5114 603 113 90-0 
Hyoglossus 405 490 50°77 611 
{Retrahens colli 320 440 498 
870 440 488 656 90-0 
$3 Suprascapularis 410 455 489 615 900 
& | Semi-membranosus 890 455 486 58-4 700 90-0 
Hyoglossus - 400 4385 463 582 900 
Back muscles 310 405 462 69°5 
380 485 477 66° 680 
Tail 418 (340) 489  60°0 720 
Hyoglossus 365 4385 450 620 90°0 
Abdominal muscles 300 880 485 483 67°7 
| Back muscles 290 405 448 495 621 700 75°6 
3 Abductor mandibule 410 448 50° 
290 875 445 50°5 626 
(14-0) 
\Adductor mandibule 30°0 390 453 583 68°8 


85°0 57:0 63:8 


$40 395 412 568 62°8 
88-9 875 493 578 622 680 710 
& |Back muscles 84-0 418 633 900 


” ” 800 400 412 560 678 


a typical example of the kind of curve obtained is given in Fig. 1. On 
gradual warming, the muscle undergoes first a slight shortening, and 
PH. XXIV, | 17 
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then a slight lengthening till 37:0°, when the shortening due to heat 
contraction begins to show itself. At about the same time the ex- 
citability begins to rapidly diminish, it finally disappearing at 41°5° C. 


Fig. 1. Gastrocnemius of R. esculenta. 


The heat contraction then continues till 46°7°, when it reaches a 
maximum. The muscle then undergoes a certain amount of lengthen- 
ing, due, probably, to its having lost its elasticity so markedly as to 
stretch even under the light load (8 grams) employed. On further 
heating there is another marked heat contraction beginning at 51°6°, 
and culminating at 65°5°. Finally there is another but only slight 
contraction beginning at 71°8° and culminating at 81°0°. The small 
marks on the curve at higher temperatures are made at ten degree 
intervals, in order to render the determination of the temperatures of 
the secondary contractions more easy. | 
This, then, is the kind of curve almost invariably obtained with the 
gastrocnemius of both R. esculenta and R. temporaria. It is also 
obtained with many other muscles, though as a rule in these the 
secondary heat contractions are not so marked. In some cases, indeed, 
though these are quite the exception, the summit of the initial con- 
traction forms the absolute maximum of the whole curve. An example 
of this is given in Fig. 2, representing the heat contraction of the 
tongue of the toad. In spite’of this fact, however, the secondary heat 
contractions are still quite obvious. Thus one sees that the gradual 
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lengthening of the muscle which occurs after the initial contraction 
has culminated, is suddenly arrested at 55°7°, and a slight secondary 
contraction superimposed upon it. Similarly also there is another but 
still slighter contraction beginning at 73°0°. This curve also shows 
that both the extensibility and the excitability of the muscle may 
undergo a considerable diminution on warming, instead of an increase 
as in the former case, and it also shows that the excitability may persist 
until a considerable proportion, over half, in fact, of the heat contraction 
has developed. These points will, however, be discussed more fully 
later on. 


Fig. 2. Hyoglossus of Toad. 


To discuss the accompanying table more in detail, it will be seen 
that in the sartorius and gastrocnemius of R. temp., only mean values 
are given. Details of the thirteen individual experiments made on 
these muscles are given subsequently. In the muscles, taken as a 
whole, the initial heat contraction begins at from 28° to 35°, the 
temperature apparently being more or less constant for the same 
muscle. Thus it is about 30° for the sartorius and rectus abdominis, 
and 33° for the gastrocnemius and hyoglossus. The temperature of loss 
of excitability is even more constant, it varying between 36° and 40°; 
whilst that of the culmination of the initial rigor is most constant of 

| 17—2 


aa 
‘ 
a 
fe 
> 
J 
. 
of 4 
4 
¥ 
‘ 
» 
4 
4 
~ 
if i 
Le 
iz 
4 
¥ 
>. 
fat 
¥ 
7 


246 H. M. VERNON. 


all, it varying between 40°0° and 43°4°. The secondary heat contractions 
are much more variable. Thus what may be regarded as the first of 
the two contractions begins at from 45°0° to 56°0°, whilst the second 
begins at from 63°3° to 730°. It was often impossible to say at what 
temperature the first of these contractions culminated, as the second 
was superposed on it. The second of them generally continued right 
up to 90°, when the heating was stopped: but sometimes, more 
especially in the case of the gastrocnemius, it reached a maximum at 
about 80°, and then diminished again. In some cases also the muscle 
ruptured, generally at about 70°, and so.the second contraction could 
not be traced. In these cases, the temperature of rupturing, marked 
with an “ R,” is given in the last column of the table. 

In view of the conclusions of Gotschlich, and of Brodie and 
Richardson, it may be asked whether these results have any really 
definite value, as demonstrating the temperatures at which definite 
changes took place in the tissues. I think the reply may be in the 
positive, more especially because all these and the subsequent experi- 
ments were carried out under practically similar conditions. Thus all 
the tissues were fresh, or had been kept only an hour or two, and this, 
as will be subsequently proved, had little or no injurious effect. Again, 
the load employed was always practically the same, it being 3 grams 
including the weight of the lever, except in certain of the experiments 
with the sartorius and the hyoglossus, when it was reduced to 2 or 
1 gram. Still again, the rate of warming was always practically the 
same, and the mere fact of the temperatures of onset and culmination 
of the heat contraction and of loss of excitability being so nearly 
constant, proves that, under definite conditions, they have a definite 
value. Thus if the tissues of one animal enter into heat rigor and lose 
their excitability at higher temperatures than those of another animal, 
when examined under similar conditions, I think one may justifiably 
consider that there is some definite distinction between them, due to 
some real difference in the protoplasm composing them. 

To continue the consideration of the table, we see that in R. escu- 
lenta the heat contraction as a rule begins a degree or two higher, and 
culminates several degrees higher. The excitability also remains for a 
degree or two more than with the muscles of R. temp. This advance 
of temperature is continued also to the first of the secondary heat 
contractions, which begins at from 51:0° to 62°5°, but not to the second. 
The muscles of the common toad seem to come more or less between 
those of the two frogs examined. Thus excitability is lost at about 
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40°0° on an average,—though in one case not till the exceptionally high — 
temperature of 43°—and the heat contraction culminates at about 44°. 
In the Mexican axolotl, Amblystoma tigrinum, the results obtained were 
rather variable, but the excitability seemed to disappear at about the 
same temperature as in R. temp., whilst the heat contraction culminated 
some two degrees higher. On the Salamander only two observations 
were made. The result obtained with the tongue is exceptional, in 
that the heat contraction did not begin till the excitability was lost. 

Among the five members of the Class Amphibia examined there 
was thus comparatively little variation in the temperatures of heat 
contraction, R. esculenta showing the widest departure from the mean. 
The temperature of loss of excitability was even more constant, the 
extreme variations being only from 35° to 43°. In each of the three 
Reptilia examined, however, there was a considerable rise in all the 
temperature values. Thus in the case of the land tortoise, Testudo 
greca, with one marked exception the shortening did not begin till 
40°5, and did not in any case culminate till 50°7 and upwards. That is 
to say, the heat contraction did not occur till nearly 10° higher than in 
R. temp. The excitability also persisted for nearly another 10°, it 
varying from 47°0° to 52°0° in five out of the six observations made. 
Still again, the secondary heat contraction also began at about 10° 
higher. It is interesting to note that the tissues of the land tortoise, 
except in one case, showed only one secondary contraction on heating. 
This occurred either at about 60°, or about 70°, and, for reasons which 
will appear later, it was thought better to separate these differing 
values, and put the lower ones in the columns of the first secondary 
contraction, and the higher ones in those of the second. 

The exceptional case above mentioned, in which the heat contraction 
seemed to begin at a much lower temperature, viz. at 29°, was probably 
apparent and not real. Thus all the tissues of the tortoise seem liable 
to undergo considerable variations in tone, and so the seeming heat 
contraction may have been only a tonic one, upon which the subsequent 
true heat contraction was superposed. A marked instance of this 
variation of tone is given in Fig. 3. In this curve also the single 
secondary contraction, beginning at 68°6°, is well shown. 

In the case of the water tortoise, Emys orbicularis, the results 
obtained were somewhat similar to those of the land tortoise, though 
the temperatures both of onset and culmination of heat rigor, and of 
loss of excitability, were several degrees lower. Thus there was not, 
except in one experiment, more than one of the two secondary heat 
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contractions present in Amphibian muscle, and marked variations of 
tonus also showed themselves in each case. 


Fig. 8. Retrahens colli of Land Tortoise. 


In the grass snake, the heat contraction temperatures approach still 
more closely to the numbers obtained with Amphibia, though they are 
- nevertheless on an average distinctly above them. Thus contraction 
began at from 31°0° to 41°8°, and culminated at from 45°0° to 48°9°. 
The excitability was lost at from 40°5° to 43°5°, except in one case. 
In this and in other instances, however, it is permissible to disregard 
exceptionally low values for loss of excitability, as there are so many 
external factors and conditions which may bring such a result about. 

The muscles of the snake resemble those of Amphibia in another 
respect also. They generally show two secondary heat contractions ; 
but they differ from them, and resemble tortoise muscles, in that they 
show more marked variations of tone on gradual warming. 

We now come to the observations on Fishes. Only two species 
were investigated, the eel, Anguilla vulgaris, and the gold fish, Caras- 
sius auratus, Their tissues are not nearly so easy to work with as those 
of Amphibia and Reptilia, as they quickly lose their excitability. As 
regards the temperatures of heat contraction and of loss of excitability, 
they approach more closely to the Amphibian muscles than to the 
Reptilian. In the muscles of the eel, the heat contraction began at about 
29°, and culminated at about 446°, whilst the excitability was lost at 
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from 37°5° to 410°. There was a secondary heat contraction beginning 
at about 50°, and in most cases another at about 69°. This latter did 
not continue till 90°, as is generally the case, but gradual relaxation set 
in after about 75°. There was in every case a distinct tendency to tonic 
contraction in the muscles, though on warming this underwent only 
very slight rhythmical changes, or none at all. It developed gradually 
and regularly, so as to render it almost impossible to determine accu- 
rately the temperature of onset of heat contraction. Fig. 4 shows one 
of the curves obtained. 


Fig. 4. Abductor mandibulew of Eel. 


The tissues of the gold fish lost their excitability so quickly that 
even rapidly excised strips of the back muscles were as a rule inex- 
citable. Good preparations were obtained, however, by making several 
transverse cuts in the muscles on one side of the tail, and leaving 
those on the other side untouched. The excitability disappeared at 
temperatures varying from 37°5° to 40°. As regards heat contraction, 
the shortening began generally at about 34°, and culminated at about 42°. 
There was a distinct secondary contraction at 57°, and in two cases — 
another slighter one at a higher temperature. 

In a subsequent portion of this paper, in which the amounts of 
solids present in the tissues are discussed, a table of mean values of the 
temperatures of the initial and secondary heat contractions, and of 
the loss of excitability, is given. One can thereby more readily grasp 
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the differences and similarities in the phenomena exhibited by the 
tissues of the various animals on passing into rigor caloris. 


The cardiac tissues of vertebrates. 


The effect of heat was determined on the cardiac tissue of all the 
animals just referred to, with the exception of the gold fish. In 
this case the tissue was too small and delicate to be workable. The 
results obtained are given in the accompanying table. 


R. temporaria 39°6° 826° 
360 (400) 488 607 
40°8 35°1 43°7 49°2 
40°9 82°0 45°1 50°83 
R, esculenta 38:2  85°0(89°5) 
88°0 33°0 . 43°2 56°8 
40°3 87°5 46°8 56°0 
Bufo vulgaris 827 
” ” 44°0 §2°3 
Axolotl 40°3 42°8 44°6 50°5 
Salamander 40°7 28°0 44°8 54°7 
Tortoise (water) 87-9 41°83 (45°5) 
41°5 45°5 (45°5) 48°0 59°8 
Grass snake 30°0 35°0 45°6 57°0 
Eel 850  98-0(85°5) 421 


41°0 82°8(86°0) 420  46°2 


Here it will be seen that the effect of heating differs in an important 
respect from that produced in most voluntary muscle, as there is in 
no case more than one secondary contraction. As regards individual 
results, we see that with R. temp. the initial heat contraction did not 
begin till about 40°, or some 8° to 10° higher than in the voluntary 
muscles, and culminated at about 44°, or 2° higher. The secondary 
contraction began at about the same temperature, but continued right 
on till 90°, without any intermission. A similar result was obtained 
_ with the heart of every animal examined, except that of the eel. As 
regards the temperature of loss of excitability, the figures given need 
explanation. In the majority of cases the tissue was not excited at 
all, and these temperatures represent only the points of cessation of 
spontaneous contraction. In some instances, however, the heart was 
artificially excited after it had ceased spontaneously contracting, and 
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80 the real temperature of loss of excitability determined. The values 
so obtained are placed in brackets in the table. | 
In the case of R. temp. in only one case did the spontaneous 
contractions continue even until 35°1°, or a temperature several degrees 
lower than that at which the voluntary muscles lose their excitability : 
but in the only experiment in which it was tested, the excitability to 
artificial stimulation was not lost till 40°0°, or slightly higher than in 
the voluntary muscles. With 2. esc. the spontaneous contractions in 
one case continued till 37°5°, and in another experiment the response to 
stimuli till 39°5°, or slightly lower than in the voluntary muscles. In 
the experiment on the axolotl’s heart, the remarkable result was obtained 
of the spontaneous contractions continuing till 42°5°, or about 4° higher 
than the temperature of loss of excitability of the voluntary muscles. 
Nevertheless it is probable that on an average the real excitability of 
_ cardiac muscle disappears at almost the same temperature as that of 
the voluntary muscles, Thus in the water tortoise, the cardiac muscle 
lost its excitability at 45°5°, and voluntary muscle at about 445°. In 
the land tortoise, on the other hand, the cardiac tissue lost it at 43°5°, 
and the voluntary muscle at. about 48°: whilst in the eel, the cardiac 
_ tissue lost it at 36°0°, and the voluntary muscle at about 39°. © 
To return to the heat contraction values, we see that in R. esc., just 
as in R. temp., the initial contraction begins at a good deal higher 
temperature than in the voluntary muscles, but it culminates at about . 
the same temperature. The secondary contraction also begins at a 
similar temperature. In fact it may be said that in the case of every 
animal examined, the temperature of onset of the secondary contraction 
in cardiac muscle was practically the same as that of the first of the two 
secondary contractions in the voluntary muscles. In the toad’s heart, 
the initial contraction begins at a temperature but very little above 
that of the voluntary muscles and reaches its maximum also at the 
same temperature. In both the axolotl and the salamander, on the 
other hand, the temperatures both of onset and of culmination of the 
initial heat contraction are slightly higher than in the corresponding 
voluntary muscles. On the whole, therefore, in the Amphibians ex- 
amined, the initial heat contraction of the cardiac muscle begins at a 
distinctly higher temperature than that of the voluntary muscles, 
and culminates at a slightly higher temperature. In the Reptiles 
experimented on, however, the temperature limits of the initial heat 
contraction are probably the same for the cardiac as for the voluntary 
muscle, though the number of observations made is too small to enable 
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one to decide the point quite for certain. In the eel, the heat contrac- 
tion of the cardiac muscle began at a distinctly higher temperature 
than that of the voluntary muscles, just as in Amphibia, but it appeared 
to culminate at a somewhat lower temperature. 

As regards the actual form of the heat rigor curves of cardiac 


tissues, a typical example is given in Fig. 5. Here we see that the 


Fig. 5. Heart of Water Tortoise. 


initial heat contraction is not nearly so marked as in the case of 
voluntary muscle, whilst the secondary contraction is considerably more 
so, Thus in voluntary muscle the amount of shortening in the initial 
contraction is always greater than in the secondary contractions, and in 
most cases very considerably greater. In cardiac muscle, on the other 
hand, it is never so great, it being, in fact, always less than half, and - 
sometimes only a quarter as great. There appears to be much less 
variation in the form of the heat contraction curves of cardiac muscle 
than in those of voluntary muscle. Thus, with a single exception, all 
the curves obtained were of practically the same form as that figured. 
This curve, however, is of more interest than the others as it shows such 
marked rhythmic oscillations in the tonus of the heart. These oscil- 
lations become gradually more and more rapid as the heart is warmed. 
They were first pointed out by Fano! in the heart of Emys europaa, 
and they are supposed by Bottazzi*, who has contributed a large 
amount of work to the subject, to be due to slow contractions and 
relaxations of the sarcoplasm of the tissue. The actual cardiac con- 
tractions in this curve became more and more rapid and smaller and 
smaller on warming till at about 36:5° they ceased, and gave place to 
larger and less frequent irregular contractions. These continued till — 
41°3°, when they too ceased. On stimulation with a constant current, 


1 Arch. Ital. de Biologie, 1x. p. 61. 1888, 
2 This Journal, xxi. p.1. 1897. 
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however, the heart still responded with single beats until 45°5°, when 
its excitability entirely disappeared. — 

In most of the other observations it was also found that above a 
certain temperature the heart gave irregular beats in the manner 
indicated in this curve. : 

The exceptional form of heat contraction curve referred to above 
was obtained with the heart of the eel. One of the two similar curves 
obtained is shown in Fig. 6. Here the initial heat contraction is only 


Fig. 6. Heart ‘of Eel. 


about a tenth of the secondary contraction, whilst in the other experi- 
ment made it was considerably less even than this. The secondary 
heat contraction shows a remarkable relaxation above 70°, so that after 
heating to 90°, the heart had almost regained its original length. In 
the other experiment made on the eel’s heart, there was also a 
relaxation but a less marked one, above 71°4°. In all the other 
observations on cardiac tissues, the secondary heat contraction continued 
up to 90°. 


The involuntary muscular tissues of vertebrates. 

The involuntary muscular tissues examined consisted of the ceso- 
phagus, the intestine, the bladder and a blood vessel, generally the 
abdominal aorta. In one or two instances, also, the stomach was used. 
In the accompanying table are given the results obtained with the 
cesophagus and stomach, these on the stomach being marked with 
an asterisk. 
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254 
Initial contraction 

R. temporaria 47°8° 41°0° 41°5°—500°: slight 50°0° 
” ” 36°2  40°2 37°0 40°6 —49°0; slight 49°0 
” ” 88°8 38°4 —47°8: medium 47°8 
36°3 40°2 36°5 40°2 —47°5: medium 47°5 
” 83°5 37°4 33:0? 87°4 —51°2: slight §1°2 
862 884 88°97 —50°4: slight 50°4 
R. esculenta 41°0 42°5 —55°3: medium 55°3 
46°0 48°7 42°5 42-0 —52°4: marked §2°4* 
Toad 40°0 40°0 —50°7: marked 50°7* 
42°56 —51°4: slight 51°4 
Axolotl 40°0 33°1 —52°3: marked 52°3 
Salamander 87°0 33°7 —52°0: marked 52°0 
Tortoise (land) 46°2 610 
Tortoise (water) 39°3 42-0 nil 57°4 
Grass snake 36:0 —59°0: marked 59°0 
Eel 36°0 45°6 41°0 nil : 50°0* 


* In these three observations the secondary contraction culminated at respectively 
76°3°, 65°4° and 85-0°. 

The arrangement of the table is somewhat different from that of 
the two preceding ones since the heat contraction curves were different. 
Thus there was in almost every case a more or less considerable 
relaxation of the contractile tissue, extending over an interval of ten 
or more degrees; and the amount of this has been roughly designated 
in the table by the words slight, medium, or marked. This relaxation | 
was presumably due to a diminution of tonus, the result of the rise of 
temperature. A similar phenomenon was noticed by Bottazzi! on 
warming the embryonic cesophagus of the fowl above 35°, and also by 
Bottazzi and Griinbaum? in the esophagus of the toad. In the 
single experiment recorded by these observers, relaxation set in at 39°. 
After this relaxation, the true marked heat contraction sets in, and this 
continues without break from about 50° or so up to 90°. An instance of 
the kind of curve obtained is given in Fig. 7, representing the heat con- 
traction of the cesophagus of R. esc. The preparation was stimulated at 
intervals of at first two degrees and then of one, by the constant current 
of four Daniell’s cells, slow, long-drawn contractions being thereby pro- 
duced. These contractions became more and more feeble with rise of 
temperature, till at 42°5° the excitability had entirely disappeared. 
Superimposed on the relaxation, which occurs in this curve between 
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42°0° and 52°4°, one sees a very slight contraction starting at 46°0° and 
culminating at 487°. This is all that represents the marked initial 


Fig. 7. C£sophagus of R. esculenta. 


heat contraction of voluntary muscle, and even this trace is often 
absent. 

To discuss the results contained in the table, we see that in R. temp. 
the esophagus and stomach, with one doubtful exception, lose their 
excitability at from 36°5° to 41°0°, or practically the same temperature 
as the voluntary muscles. A similar relationship was found to obtain 
in the observations made on the other animals examined. In every 
experiment on 2. temp. there is a slight relaxation from about 38° to 
50°, this being in five out of the six experiments preceded by, or having 
superimposed upon it, a very slight initial contraction. Then the true 
heat contraction begins, at temperatures varying from 47°5° to 51:2°. In 
the toad the heat contraction of the oesophagus is exceptional in that it 
reaches its maximum at 65°4°, and then slowly relaxes till 90°. In the 
axolotl and the salamander the tissues differ somewhat from those of the 
other Amphibia in that the marked relaxation preceding the heat con- 
traction begins several degrees before the excitability is lost, at about 33° 
in fact. The heat contraction itself, however, in each case begins at 52°. 

On the whole, therefore, the results obtained with Amphibia show 
a considerable amount of similarity to each other. The Reptiles, on the 
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other hand, or at least the two tortoises examined, show more marked 
differences, Thus in neither of them was there any relaxation pre- 
ceding the heat contraction. There was, on the contrary, a distinct 
shortening. This began at 462° in one case, and 39°3° in the other, 
and continued at a nearly constant rate until respectively 610° and 
57°4°, when the characteristic marked contraction showed itself. The 
first slight contraction is probably of the same nature as the slight 
initial contraction observed in some of the other experiments. 

In the grass snake the temperature of onset of the heat contraction 
was also much higher than in any of the Amphibia examined, viz., 59:0°, 
but this was preceded by a marked relaxation lasting from the beginning 
of the experiment, but more especially from 36°0°, up to the onset of 
the heat contraction. In the esophagus of the eel the initial contraction 
was very much more marked than usual, it being greater, indeed, than 
that observed in cardiac tissues. The curve obtained is reproduced in 
Fig. 8. This curve always shows that in this tissue the contractions and 


Fig. 8. Cisophagus of Eel. 


relaxations on stimulation are by no means the slow, long-drawn ones 
obtained in other animals, but, as far as can be judged, are about as 
short as cardiac contractions. | 

In the experiments on the intestine, the portion used was taken 
from about the middle of the whole intestinal tract. The results 
obtained are given in the accompanying table. | 
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Initial contraction 
R. temporaria 40°0°—49°7°: slight 49 °7° 
36°8° 38°8° 89°0 —50°2: slight 50°2 
R. esculenta 39°5° 25°0 —59°5: marked 59°5 
Toad 39°1 —53°3: slight 53°3 
Axolotl 41°0 37°3 —52°4: marked 52°4 
Salamander | 32°5 —51°2: medium 51°2 
Tortoise (land) 56°0 46°5 39°2 —51°0: marked 620 
Tortoise (water) 37°2 —48°0: slight 60°0 
Grass snake 25°3 36°9 42-2 —58°3: medium 58°3 
Eel 45°4 47°0 nil §2°3 


Here we see that the tissue was inexcitable more often than not; 
but in such cases as excitability was present, it seemed to disappear at 
about the same temperature as in the corresponding voluntary muscles, 
except in the case of the eel. The intestine of this animal gave an 
exceptional result in also another particular, for it alone did not show 
any relaxation before the onset of the heat contraction. It showed, in 
fact, like the tortoises’ cesophagus, a slight contraction first—this ex- 
tending from 45°4° to 52°3°—and then the marked true heat contraction. 
As to the other observations, we see that in R. temp., after a slight 
relaxation from about 40° to 50°, the intestine passes into heat con- 
traction at about 50°, or some two degrees higher than in the case of 
the esophagus. In this and in all the other experiments made the 
contraction continued till 90°. In BR. esc., the toad, the two tortoises, and 
the eel the heat contractions also does not set in till somewhat higher 
than in the esophagus. With the salamander and grass snake, on the 
other hand, the oesophagus shows a slightly higher temperature. The 
relaxation preceding this contraction seems to vary a good deal in the 
different observations, but is probably on the whole about the same in 
the intestine as in the cesophagus. It was present in the case of both 


the land and the water tortoise, which, it may be remembered, showed | 


no such relaxation in respect of their esophagus. In one or two 


instances this relaxation was extraordinarily marked, the best instance — 


of this being given in Fig. 9. In this case the relaxation between 37°3° 
and 52°4° amounted to no less than 41°4°/, on the original length of the 
tissue. In this tracing, as indeed in several other instances, many of 
the irregular contractions of the tissue were spontaneous. Thus the 
stimulus was thrown in only at the temperatures against which a cross 
has been made in the figure. 

In only four out of the ten observations was there any trace of an 
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initial heat contraction, and in two of them, viz. those on the land 
- tortoise and the eel, it consisted only in a slight preliminary shortening 
upon which the marked heat contraction was superposed. In the other 
two observations, on respectively R. temp. and the grass snake, there 


Fig. 9. Intestine of Axolotl. 


were slight contractions similar to those noticed in the csophageal 


tissues. 


In the next table are given the results of the observations on the 
bladder, and on the abdominal aorta, or, in the case of the grass snake 


and the eel, on the inferior vena cava. 


BLADDER VESSEL 
Contraction Contraction 
R. temporaria 40°8°—50°6°: medium 60°6° 78°7° 500° 78°4° nil ' 
40°2 —49°9: medium 49°9 90°0 
R. esculenta 83°0 —58°0: slight 58°00 563 900 nil 
Toad 35°5° —51°8: slight 613 770 628 718 nil 
Axolotl 83-9 —52°1: slight 52:1 900 900 nil 
Tortoise (land) 45°5 —61°3: marked 61°3 900 61°3 900 42°9°—55-9°: slight 
Tortoise (water) 43°0° 30°2—57‘3: marked 60°7 589 909 88°8 —52°8: slight 
Grass snake 580 nil 
Eel 520 650 nil 


The bladder proved inexcitable in the larger number of cases, 
_ When excitability was present, it seemed to disappear at somewhat 


‘es 
“4 
A 
> 
4 
q 
4 
> 
be 
Aj 
A 
4 
a 
vie 
ig 
aa 
y 
G 
% 
4 
* 
‘4 


HEAT RIGOR. 259 


lower temperatures than in the esophagus and intestine: but on the | 
whole, it may be concluded that the involuntary muscles examined | | 
probably lost their excitability at about the same temperature as the ; 
voluntary ; or in any case at only a very slightly higher temperature. 
The view of Morgen! that involuntary muscles retain their excitability 
for several degrees more than the voluntary, is therefore not supported. 
‘To return to the discussion of the table, we see that in every observation 
on the bladder the heat contraction was preceded by a relaxation. This 
was very marked in the bladder of the tortoises, but very slight in that 
of the toad and the axolotl. The heat contraction itself set in at 
practically the same temperatures as were observed in the intestine of 
the corresponding animals, and then continued uninterruptedly up to 
90°, except in the case of R. temp. and the toad. In them it reached 
& maximum some 12° lower, and was followed by a relaxation. In the 
bladder of the water tortoise the marked heat contraction occurring at 
60°7° was preceded by a very slight contraction starting at 57°3°. 

In the observations made on the blood vessel, excitability was never 
present, and in all but two of the eight observations there was no 
relaxation preceding the heat contraction. In fact the length of the 
tissue remained constant, or showed a slight regular lengthening or 
shortening, until a very pronounced and rapid heat contraction set in | 
at approximately the same temperatures as were noticed in the cso- | 
phagus, intestine and bladder. This contraction generally persisted till | 

90°, but R. temp. and the toad again formed an exception in this 
respect, and showed a relaxation above 73°. In the case of the eel, 
there were two distinct heat contractions: an initial one beginning at 35°7° 
and persisting till 52°0°, and then, above this temperature, the much 
more marked true heat contraction. Traces of this initial heat con- 
traction were present also in one of the two observations on the bladder 
of R. temp.,—where one began at 36°4° and continued till 40°2°—and in 
the aorta of the land tortoise, where one began at 35°8° and continued 
till 42°9°. Thus in all the 41 observations made on the involuntary 
muscular tissues there was a slight initial contraction followed by a 
relaxation, or interval of constant length of the tissue, in eleven cases : 
whilst there was a slight initial contraction which suddenly passed into 
the marked contraction, without any intervening relaxation, in five 
cases. In the remaining 25 cases there was no trace of any initial 
contraction. It may therefore be concluded that the initial contraction 
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is a definite phenomenon which occasionally shows itself, especially in 
the tissues of R. temp., the tortoise and the eel, but that it is of com- 
parative unimportance as compared with the marked heat contraction. 
The relaxation which sometimes shows itself at higher temperatures, 
more especially before and after the onset of the secondary heat 
contractions in voluntary and cardiac muscle, is probably a physical 
phenomenon, due to the increased extensibility of the dead tissue. The 
tendency to lengthen obviously depends largely upon the load to which 
the tissue is subjected, and Brodie and Richardson have given a 
considerable number of instances of this, As already stated, the load 
was practically never more than three grams in the present experiments, 
whilst in those made on the bladder it was only one gram, and in those 
on the blood vessel, only ‘5 gram. In one or two of the more delicate 
preparations of the heart, as of the axolotl and salamander, it was also 
only one gram. In all the observations on voluntary muscle, except a 
few of those on the tongue and the sartorius, and in all of those on the 
cesophagus and intestine, however, it was uniformly three grams. A 
constant load of course does not imply a constant relative amount of 
stretching, as some of the tissues were of much greater transverse area 
than others: but one may look upon the load used as always a light 
one, and the effects produced by it as small as they could conveniently 
be made. 


~ The muscles of invertebrate animals. 


The invertebrate animals examined consisted of four members of 
the Phylum Mollusca, two of the Arthropoda, and two of the Vermes. 
In the accompanying table all the experiments made on the same 
muscle are placed together, the corresponding values in each column 
being always for the same experiment. 

The Molluscs consisted of the fresh-water mussel Anodon cygnea, 
the common snail Helix aspersa, and the pond snails Lymneus stagnalis 
and Planorbis corneus. In the case of Anodon, most of the observations 
were made upon strips of the foot muscle. This was found to be much 
more convenient than the abductor muscles, which have generally been 
used for physiological experiments by Fick, Biedermann and others. 
One of the typical curves obtained is represented in Fig. 10, Here one 
sees that the muscle relaxes very markedly on heating, and reaches its 
maximum length at 48:0°. Heat contraction then ensues, but from 
50'2° till 57°8° the muscle remains of constant length. Then at this 
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latter temperature there occurs a marked secondary contraction which 
persists till 90°. In this particular instance excitability disappeared at 


Fig. 10. Foot muscle of Anodon. 


49°5°, whilst in the other observations made on similar preparations the 
temperature varied from 48°5° to 50°0°, except in two instances when 
lower values were obtained.. The excitability of this Mollusc’s tissues 
thus persists to a higher temperature than was observed in any of the 
vertebrates examined except the land tortoise. As regards the initial 
and secondary heat contractions in the other observations made, con- 
siderable constancy was observed. Thus in five out of the six 
experiments the initial contraction began at 47° or 48°; it reached 
its maximum at from 50°2° to 52°0°, and the secondary contraction 
began at from 57°8° to 60°0°. In the few observations made on the 
adductor muscles, the results are more variable. When working 
with these muscles the attachments to the shell were left intact, and 
part of the hinge joint was also left. The stretching force was then 
applied to the upper and lower lids of the shell at points as far removed 
from the hinge joint as possible. The adductor muscles are unsuitable 
for heat rigor experiments, as their tone is so great when the preparation 
is fresh. In order to open the lids of the shell at all, a considerable 
load has to be applied, and this, at higher temperatures, may cause a 
lengthening rather than a shortening of the muscle at the temperatures 
at which the heat contractions generally set in, due probably to the 
sudden disappearance of tonus. Thus in two of the experiments with 
the anterior adductor, in which loads calculated to amount to 120 to 
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250 gms, were used, there were marked relaxations at respectively 58°1° 
and 53°7°, followed by a tearing away of the muscle from its attachments 
at about 80°. 

In Planorbis, the foot muscle was the only one made use of. Only 
three observations were made on it, as the results obtained in each case 
were almost identical. An example is given in Fig. 11. Here we see 


Fig. 11. Foot muscle of Planorbis. 


that the curve is somewhat similar to that obtained with Anodon. 
There is a considerable relaxation of tone on warming, and this at 44°0° 
gives way to a slight initial contraction. Then at 542° a marked 
secondary contraction ensues. As compared with Anodon, it is obvious 
that the initial contraction is very much less marked. As regards 


actual temperatures, those of onset and culmination of the initial ~ 


contraction, and of the onset of the secondary contraction, are several 
degrees lower. That of loss of excitability is only one or two degrees 
lower, however. 

In the heat contraction curves of the muscles of Helix, we find the 
initial contraction much less obvious even than in Planorbis. Thus in 
the example given in Fig. 12 one sees that there is the usual considerable 
relaxation of tone on warming, and this passes directly into a marked 
heat contraction at 56°3°. It will also be noticed, however, that before 
the marked heat contraction, there is another very slight contraction 
beginning at 51°7° and reaching its maximum at 53°8°. This is all that 
remains of the marked initial contraction observed in Anodon muscle ; 
but there can be no doubt that it is a genuine contraction, as it was 
present in every one of the seven observations made on Heliz. In them 

it always began at from 50° to.52°, and culminated at from 53'8° to 
_ 548°, with one exception. In this case it passed directly into the 
marked secondary heat contraction. This secondary contraction showed 
great regularity, it taking its origin at 56° in every case but one. The 
temperature of loss of excitability was also very constant, it varying 
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from 45°0° to 460°, with one remarkable exception in which a tem- 
perature of 50°5° was observed. The muscles of Helix employed 


Fig. 12. Collar muscle of Heliz. 


consisted of the foot muscle, either in its entirety or in longitudinal 
.. strips, and the more delicate collar muscle. 

In Lymneus the trace of an initial contraction observable in Helia, — 
entirely disappeared in two out of the three observations made. There 
was only a single contraction, which began at about 56°, and persisted 
right up to 90°. The curves obtained were very similar to those given 
in Fig. 12, only without the slight initial contraction. In these four 
Molluscs, therefore, we have a regular series, in which the originally 

- marked initial heat contraction is shown to gradually diminish, and 
finally to disappear. Accompanying this disappearance, though perhaps 
not connected with it, we find a gradual decrease in the temperature of 
loss of excitability. Thus in Anedon this temperature is about 49°, in 
Planorbis about 47°5°, in Helia about 46°, and in Lymneus about 42° 
or 44°, The temperature of onset of the secondary heat contraction is 
practically constant for the latter three Molluscs, however, snag it is 
two or three degrees higher in Anodon. 

The two Arthropods examined were the crayfish and the water- 
beetle, Dytiscus. As far as heat contraction is concerned, the most 
satisfactory preparation in the crayfish was found to be the intact 
posterior half of the body, or abdomen. This always remained excitable 
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and gave good results, whereas the chela preparations did not always do 
so, Also, in the observations on the adductor muscle of the great chela, 
the shortening was sometimes sufficient to bring the claws into contact 
in the initial heat contraction, and so secondary contractions were no 
longer able to reveal themselves. In working with the chela, the 
muscles were left in situ, but a small hole had to be made in the claw 
and the adductor or abductor, as the case might be, cut near to its 
insertion. The stimulating electrode was then pushed through the 
hole, into contact with the muscle experimented with. Attempts were 
made to determine the heat contraction of the isolated muscles, but the 
preparations were never excitable. In them, however, the initial heat 
contraction culminated, and the secondary contraction began, at about 
the same temperatures as in the intact muscles. ; 

A typical example of the kind of curve obtained with the posterior 
part of the body of the crayfish is given in Fig. 18. Here one sees 


Fig. 18. Abdomen of Crayfish. 


that the contractions on excitation are very marked until 25°, they 
undergoing rhythmical variations to a certain extent. Above 25° they 
suddenly diminish, and cease finally at 32°. At 36° and 38°, however, 
there were two slight spontaneous contractions, showing that the muscles 
were still excitable. This disappearance of reaction to electrical stimuli, 
but appearance of spontaneous contractions, was noticed also in one or 
two other instances. The initial contraction in this experiment begins 
at 36°2°, and reaches a maximum at 39°8°. It is noticeable that this 
point forms the absolute maximum of the whole heat contraction curve, 
a condition of things not noticed in any of the other invertebrate 
animals experimented on, and only very seldom in the vertebrates. — 
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The other curves obtained with a similar preparation showed the same 
result, and in most of the observations on the chela muscles, the initial 
contraction was also the maximum. After this initial contraction, 
there is, in the figure above given, a marked relaxation which continues 
till 62°0°. Finally at 64°8° there ensues a secondary heat contraction 
which continues till 90°. The curve of relaxation between 39°8° and 


62° shows a considerable break, beginning at 43°6°, and thus has the 


appearance of another secondary heat contraction. It is doubtful if 
this is really the case, however, as it was not present in one of the two 
other observations made on the abdomen of the crayfish, and there was 
no trace of it in any of the observations made on the other tissues. 

In addition to the preparations mentioned, the joint of the great 
chela (IXth) appendage, just central to the chela, was employed. On 
comparing together all the results obtained with the various crayfish 
preparations, one sees that the temperature of onset of the initial heat 
contraction is very variable, it being generally very low, however. 
Thus out of the thirteen observations made, it was below 20° in five of 
them, and above 30° only in two. The temperature of loss of apparent 
excitability was also somewhat variable, but it lay between 38:0° and 
40°5° in six out of the ten instances in which it was present at all. 
The initial contraction reached its maximum also at a variable 
temperature, this ranging from 36°7° to 46°5. The secondary heat 
contraction was more constant, it varying only from 58°8° to 64°8° in 
its temperature of origin. In several instances it did not show itself at 
all, this being generally due to the anatomical structure of the joint not 


allowing of more contraction than that already present. 


The results obtained with Dytiscus were very few, the muscles being 


too small and feeble to conveniently work with. The best preparation 


was found to be the anterior limb, still left in connection with the 
thorax. In one case such a preparation did not lose its excitability till 
41°5°, or several degrees higher than in the other observations, made 
with the joints of the middle and posterior limbs. In three out of | 
the four observations recorded, there was a slight initial contraction 
beginning at 24° to 27°, and culminating at from 38°5° to 39°0°. This 
was followed in two instances by a slight secondary contraction, 
beginning at about 46° and culminating at about 70°. 

The other invertebrate animals examined were the earthworm, 
Lumbricus terrestris, and the leech, Hirudo medicinalis. Both these 
animals were found exceedingly easy to work with, the usual preparation 
being simply a portion of the body of the animal, cut a convenient 
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length. If previously cut open longitudinally and scraped out, the 
excitability was generally diminished or lost. Fig. 14 shows the kind 


Fig. 14. Body of Earthworm. 


of curve obtained with the earthworm: The tissue shows considerable 
variations of tonus, and was as a rule so excitable as to undergo frequent 
spontaneous contractions and relaxations, though these did not occur in 
the present instance. In four out of the five observations made, the 
initial heat contraction set in at about 38°, and culminated at about 43°. 
This was followed by a considerable interval during which the length 
remained practically constant, and then from 57:2° to 582° a well- 
marked secondary contraction ensued. The temperature of loss of 
excitability also showed great constancy, it varying only from 39:0° to 
39°5° in four out of the five experiments made. The results obtained 
with the leech were almost as constant as those with the worm. Thus 
in the five observations made on sections of the body, the initial heat 
contraction appeared at from 43°9° to 48°0°, and reached a maximum at 
from 49°0° to 49°8°. After an interval of slight relaxation, there followed 
a marked secondary-coutraction, beginning at from 533° to 59°7°, and 
continuing till 90°. A typical instance of the kind of curve obtained 
is given in Fig. 15. Here one sees that the tissue relaxes its tone 
enormously on warming, and, indeed, does not regain its original length 
even at 90°. Such marked relaxation was almost always present. The 
chief point of interest about the curve, however, lies in the fact that 
shortly before the excitability is finally lost it diminishes during one or 
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at most two degrees almost to zero, and then increases again. -Also in 
this curve, and in.one other instance, there occurred a. considerable — 


Fig. 15. Body of Leech. 


contraction and relaxation of the tissue just before the initial heat 
contraction began. The gece aironenta of these curious phenomena is 
quite unknown. 

In addition to observations on sections of the body, two were made 
on the anterior and posterior sucker muscles, the muscular rings being 
slit and stretched longitudinally. The temperature values obtained 
with them were generally somewhat lower than with the sections of the 
body proper. 

Upon the involuntary muscles of the invertebrates, it was in most 
cases scarcely possible to make observations, but one or two isolated 
experiments were made with certain portions of the alimentary canal. 
Thus the rectum of Anodon was found to enter into a marked heat 
contraction at 57°3°, which persisted till 90°. The intestine Heliz went 
into a similar contraction at 58°6°, this being preceded by a considerable 
relaxation between 35°0° and 58°6°. Finally the intestine of the worm, 
after relaxing between 40° and 50°, went into heat contraction at 547°. 


The effect on the heat contraction of varying the amount of 
water in the tissues. 


We have seen that the voluntary muscles of vertebrates, on gradual 
heating, show a definite initial heat contraction followed by two or 


more less distinct secondary contractions. What do these various — 
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‘contractions depend upon, and how far are the temperatures of their 
onset and culmination capable of being influenced by external agencies? 
With a'view to gaining information on these points, observations on 
the heat contraction of certain muscles were made, after these had 
been allowed to soak for certain periods in saline solutions of various 
strengths. It has been found by Cooke’ that the solution isotonic 
with the frog’s gastrocnemius is about ‘8°/,. It has long been known, 
however, that the tissues preserve their excitability best in a more 
dilute solution, as thé ‘6°/,: so this was used in the experiments, and 
has been assumed for practical purposes to be the isotonic solution. If 
the muscles be placed in solutions less or more concentrated than this, 
then they absorb water or give it up, in proportion to the difference of 
osmotic pressure. The muscles experimented on were the sartorius 
and gastrocnemius of R. temporaria. The results obtained with the 
sartorius are given in the accompanying table. — 


Second secondary 
First contraction 
Time of of contraction secondary 
ae inhours _ begins at at begins at at at 

2 19°0° 83°0° 87°1° 530° 70°0° 90-0° 
*25 2 20°0 82°5 40°0 51°6 90°0 
3 8 23°0 36°5 39°6 51°2 718 R. 80 
4 8 23°0 33°5 40°7 54°2 72°2 R. 76 
6 2 29°0 39°5 43°4 54°4 68°3 R. 82 
6 4 80°0 38°5 41°9 55°6 708 R. 78 
6 1 26°0 38°5 42-0 50°0 70°1 90°0 
6 54 31°5 39°5 41°6 66°7 90°0 
8 5? 32-0 39°5 42°2 51°8 70°8 90°0 
1:0 30-0 40°5 44°5 56-2 69°0 R. 77 
1 89°5 43°0 51°8 67°9 77°2 
4 30°0 39°5 43°3 52°3 68°8 90°0 
11 2h 30°4 (31:5) 43°3 R. 66 
1°2 28-0 0 56°7 65°6 R. 76 
1% 8 34°7 42°7 §2°3 66°7 R. 78 
1} 33°0 38°5 44°4 52°2 68°0 R. 76 
2°0 2 39°3 43°0 46°5 61°0 90°0 
4°0 1} 45°0 60°7 90-0 


Here it will be seen that the muscle was generally kept in the 
various solutions for two or three hours, though sometimes for a shorter 
‘period in order to avoid reducing the excitability as much as possible. 
The initial heat contraction was found to be considerably affected by 
the abstraction and addition of water. Thus in ‘6 °/, solutions, the 


1 This Journal, xx111. p. 137. 1898. 
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temperature of onset was generally about 30°, but after keeping in ‘2 
to *4°/, salt solutions, it fell to only a little above 20°. The hyper- 
isotonic solutions, on the other hand, generally raised it several degrees 
above 30°, or in the case of the 4°/, solution, even to 45°, The 
temperature of culmination. of this contraction is also affected, but not 
to so marked a degree. Thus it is about 40° with the hypisotonic 
solutions, and about 43°5°. with the hyperisotonic, in place of the 42° 
or so observed in isotonic solutions. The temperature of loss of 
excitability is also distinctly influenced. With isotonic solutions this 
is about 39°, but with the hypisotonic it varies from 32°5° to 36°5°. 
These low values may of course be due merely to a diminution of the 
excitability, the result of the abnormal conditions: but that it is a real 
physiological effect, due to the addition of water to the tissues, is 
proved by the fact that with hyperisotonic solutions the temperature of 
loss of excitability is appreciably raised. In order to prove this point, 
comparative experiments were made in which the sartorius of one 
limb of a frog was placed in °6°%/, saline, and that from the other 
limb in a more concentrated solution. With a 1°0°/, solution, the 
temperature was raised from 39°5° to 40°5°: with a 1°1°/, from 38°5° to 
39°5°: with a 1'2°/, from 38°5° to 40°0°; but with a 1°5°/, it was 
lowered from 39°5° to 38°5°. One is serknips justified in ignoring this 
last result, for the strength of the solution was so great as to entirely 
annul the excitability in another experiment, in which the time of 
exposure. was longer. 

As regards the secondary heat contractions, the reaction is quite 
different. Their temperatures of onset are either not influenced at all, 
or are lowered by the more concentrated solutions. The first of the 
secondary contractions, which sets in at about 53°, does not show this 
lowering much, except in the case of the 2°/, solution, but the second 
of them does so more distinctly. Thus in the four observations with 
‘6 °/, saline, this contraction began on an- average at 69°2°: in the four 
with hypisotonic solutions, at 70°5°, and in the ten with hyperisotonic, 
at 66°5°. This lowering of the temperature with the more concentrated 
solutions is probably due to a certain amount of the salt diffusing into 
the muscle substance. Thus it has been found by Halliburton’ that 
the presence of a large amount of sodium chloride effects a considerable 
lowering of the coagulation point of a proteid solution. 

In the observations on the gastrocnemius, the muscles were kept 


This Journal, p. 150. 1887. 
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in the saline solutions for from 22 to 24 hours previously. It was 
thought. that by such a long exposure a more permanent change might 
have been effected, and to see if this were the case the muscles were 
heated in ‘6 °/, saline, instead of the saline in which they had been 
_ kept, as was the case in the sartorius. experiments. In the three 

observations in the table marked with an asterisk, however, the muscles 
were heated in the solutions in which they had been kept. 


‘15 300° 38°7° 479° 56°6° 68°8 
2 240 85°5° 40°2 ‘470 58°5 70°7 78°3 
2 28°3 41°7 465 660 
3 23°0 30°5 89°9 472 60°0 72°3 76°0 
3* 30°0 38°5 41°8 46°2 56°3 70°5 749 
4 31:0 38°5 41°5 45°6 55°8 73°3 78°0 
6 82°5 37 °5 40°0 “46°5 56°0 70°3 80°8 
6 (830 42°0 50°5 58°4 R: 72 
"6 82°0 88°0 41°9 .45°3 62°1 72°0 82°0 
6 35°0 40°0 43°1 46°0 62°3 
32°0 387°5 41°5 45°0 55°0 70°6 80°8 
6 85°0 38°0 42°6 50°6 62°8 73°0 76°0 
6 34°5 88°5 423 45°3 58°8 719 R. 79 
6 34°0 39°5 42°23 45°2 61°9 720 76°7 
6 32°0 40°0 426 54°8 71:2 79°0 
34°0 42°8 45°7 56°0 720 780 
10 86°0 89°0 41°7 45°3 53°7 70°3 
853 (245) 43°5 45°2 60°6 70°0 75°1 
11 35°5 40°0 46°0 60°7 72°4 74°6 
35'1 47°0 56°3 68°6 R. 71 
20 81°3 41°0 44°5 56°0 67°5 (752) 70°0 
43°2 60°4 432 60°4 63°1 74°0 
80 448 540 448 540 68°7(73°9) 66°8 
2277 «857 «390 469 572 709 76°4 
"6 33°3 88°6 42:0 46°8 59°1 90 
*8—4°0 878 46°8 45°2 56°9 67°7 70°4 


In order to determine the effect on the excitability of keeping the 
muscles so many hours, comparative experiments were made. In the 
four experiments enclosed in brackets the muscles were examined when 
fresh, and in them the excitability was lost at 384° on an average. 
In the next five, in which they were examined after remaining a day 
in ‘6 °/, saline, the excitability was lost at 38°7°, on an average. A 
day’s soaking was practically without influence, therefore. In another 
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muscle, kept two days, the excitability disappeared at 36°5°, whilst in 
another kept three days, the excitability had quite disappeared. In all 
these and the other experiments, the temperature of the saline fluid 
remained at about 12°, If it be kept lower, the excitability will persist — 
for a considerably longer time. | 

As regards the influence of the various saline solutions on the heat 
contractions of the gastrocnemius, the results obtained are very similar 
to those just described in the sartorius. The general effects can be 
more readily grasped by taking means of the various values, and so 
these are appended at the bottom of the table. Here it will be seen 
that the temperature of onset of the initial heat contraction in the — 
hypisotonic solutions is 5°6° lower than in the isotonic, whilst in the 
hyperisotonic solutions it is 4°5° higher. Again, the temperature of 
culmination of this heat contraction is 3°0° lower in the one case, and 
3'8° higher in the other. The excitability is influenced in a similar 
manner, it being lost at 2°9° lower in hypisotonic solutions, and ‘7° 
higher in hyperisotonic, than in the normal solution. The latter of 
these two values cannot have much importance attached to it, however, 
as it is the mean of only three observations. Thus in the more 
concentrated solutions the excitability disappeared entirely, owing to 
the prolonged soaking. 

Just as in the case of the sartorius, so in the gastrocnemius, the 
first of the two secondary contractions is not much affected by the 
salinity. Nevertheless a slight reaction is apparent, especially to the 
hyperisotonic solutions. Thus with them the temperatures both of 
onset and of culmination of the contraction are about 2° lower than in — 
normal solutions. The second secondary contraction is, however, con- 
siderably more affected. Thus the temperature of its onset is lowered 
3°9°, and of its culmination 8°6°, with the hyperisotonic solutions, In 
the hypisotonic solutions there is also a slight lowering of temperatures. 
In muscles soaked in the most concentrated saline solutions, there 
appeared a sudden increase of extensibility at about the same tem- 
perature that the second secondary contraction usually showed itself. 
These values are given in brackets, in the seventh column of the table. 

We see therefore that in the sartorius and the gastrocnemius of 
the frog, at least, and presumably in other contractile tissues also, 
the initial heat contraction shows very wide differences from the 
secondary contractions. This leads one to surmise that it must be of 
a different nature to them. Now, as has long been suggested, these 

heat contractions are very likely due, either wholly or in part, to the 
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coagulation of the proteids in the tissues. How far do the various 
results obtained with the voluntary and involuntary muscular tissues 
both of vertebrate and invertebrate animals support this view? This 
is a question which is best examined statistically, and accordingly the 
results obtained have been plotted out in the accompanying diagram, 


» 
Bees 


Voluntary vertebrate muscle 


Cardiac vertebrate muscle 


Involuntary vertebrate muscle 


ot |. Invertebrate musele 
Fig. 16. 

Fig. 16. Here on dot represents that at the temperature indicated 
by the ordinate immediately to its left, one of the heat contraction 
curves showed the onset of its initial or secondary heat contractions. 
Thus from the number of dots at any temperature, one can readily 
grasp the number of times such a temperature of onset of a heat 
contraction occurred. The broken lines running through the dots are 
of the nature of smoothed curves, intended to assist one to grasp more 
readily the temperatures at which the largest and smallest numbers of 
dots occur. The observations made on the voluntary, cardiac and 
involuntary vertebrate muscles, and on all the invertebrate muscles, 
have been split up into separate groups, and in the subjoined table are 
given the temperatures at which, as determined from the diagram, heat 
contractions occurred with greatest frequency. 


Secondary contractions 
Muscular tissue Initial contractions r A 
Voluntary Vertebrate 29°5°—35°5°, 50°7° (45°8°) 56°0° 61°7° 70°8° 
Cardiac 40°5 50°5 56°6 
Involuntary _,, 86°83 52°0 58°5 6§1°3 
Invertebrate 45°5, 48°3 52°2 56°7 
Temperatures of co- Paramyosinogen  Myosinogen Myoglobulin Albumin 


agulation. of 47 66 63 73 
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As regards what are looked upon as the initial contractions, no — 
constancy at all is detectable. Thus in voluntary muscle, most of the 
values are distributed evenly through a temperature range of six 
degrees, whilst in cardiac muscle most of them occur at an entirely 
different temperature. In involuntary muscle, it may be remembered, 
the initial heat contraction was generally absent, except in the case of 
the cesophagus. It was often absent in invertebrate muscle, also, and 
when present was very variable. The secondary contractions, on the 
other hand, show a most striking constancy in their temperatures of 
onset. In striated vertebrate muscle they occur most frequently at 
50°7° and 70°8°, less frequently at 56°0°, and still less at 61°7°: in 
cardiac muscle most frequently at 50°5°, and less so at 566°: in 
involuntary muscle most frequently at 520°, and less so at 58°5° and 


_ 61°3°: finally in invertebrate muscle most frequently at 56°7, and less 


so at 522°. Thus in every instance there are more or less marked 
contractions occurring at from 50°5° to 52°2°, and from 56:0° to 58°5°. 
At the bottom of the table are given the temperatures of coagulation | 
of the four proteids which Halliburton’ found in mammalian muscle. 
v. Fiirth*® has confirmed the existence of proteids coagulating at from 
47° to 50°, and from 55° to 65°, but considers that Halliburton’s 
myoglobulin is merely a part of the myosinogen which has escaped 
coagulation previously. The body coagulating at about 73° he considers 
to be merely the serum albumin of the blood and lymph contained in 
the muscle, and not a specific constituent. Thus he found that. on 
previously washing out the muscle thoroughly with saline solution, the 
muscle plasma contained only traces of this body, or none at all. 
v. Fiirth discovered also another proteid, which he termed preformed 
soluble myogen fibrin. This was present only in very small quantities 
in the muscle plasma of the rabbit, but in considerable quantities in 
that of the frog. It coagulates rapidly at from 30° to 40°, but may 
begin to coagulate even at 23°. 

Judging from these data, therefore, it would appear that. the 
secondary heat contractions of the muscles examined are due chiefly 
to the coagulation of the paramyosinogen (Kiihne and v. Fiirth’s 
myosin) and the myosinogen (v. Fiirth’s myogen). Voluntary verte- 
brate muscle also contained almost always an albumin coagulating at 
about 71°. Whether this is merely the serum albumin contained in 
the blood and lymph, is —" open to doubt. Thus there was no 

op. cit. ¢ 
2 Arch. f. exp. 86, p. 231, 1895. 
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trace of a contraction at this temperature in any of the observations on 
cardiac and involuntary vertebrate muscle, which must also have 
contained serum albumih in not very much inferior amount. Again, 
in a certain number of instances both voluntary and involuntary 
vertebrate muscle showed a heat contraction at about 62°. As one 
may judge from the broken line curves in the diagram, this appears to’ 
be distinct from that due to the myosinogen coagulation, and would 
seem to be due to some other proteid. The existence of the myo- 
globulin of Halliburton, which v. Ftirth has denied, is thus 
supported. 

If reference be made to the tables of results given some pages back, 
it will be seen that in no case were heat contractions observed both at 
50° and at 56°, but only at one of these temperatures. One may 
conclude, therefore, that when there is no contraction at about 50°, 
there is but little paramyosinogen present, but when there is a 
contraction at 50°, and not at 56°, one cannot conversely conclude 
that there is but little myosinogen. Thus v. Fiirth has found that 
on heating muscle plasma to 50°, the proteid thrown down consists 
largely of myosinogen, as well as paramyosinogen. That the tissues 
do not necessarily contain paramyosinogen is proved by the analysis 
of a myoma of the uterus by Kossel'. In this tissue no such proteid 
was present. In the gastrocnemius of the frog the first secondary 
contraction began, and presumably therefore the paramyosinogen was 
coagulated, at a much lower temperature than in almost any of the 
other muscles, viz., at 46°8°, and it is to the numerous observations 
made on this muscle that the apparent heat contraction at 45°8° is 
chiefly due. i 

It seems very probable, therefore, that the secondary heat con- 
tractions may be satisfactorily credited to the coagulation of the various 
muscle proteids. To what, on the other hand, is the initial heat 
contraction due? It might possibly be caused by the coagulation of 
the soluble myogen fibrin discovered by v. Fiirth, but this does not 
seem at all probable, for to begin with, there is no proof that such a 
body exists in living muscle at all. Thus v. Fiirth has shown that it 
is merely a more soluble form of myogen, from which it may be readily 
formed. It may therefore have entirely arisen during the preparation 
of the muscle plasma. Again, we have seen that the temperature of © 
onset of the initial heat contraction can be influenced considerably by 


1 Quoted by Hoppe-Seyler, Physiol. Chem. p. 669. 
‘PH, XXIV. 19 
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previous treatment of the muscles with saline solutions of various 
strengths ; and that in its earlier stages it is not due to the coagulation 
of a proteid, is almost proved by the fact that ft can be made to appear 
and disappear as often as one wishes by merely warming and cooling 
- the muscle between certain temperatures. Thus Gotscholich! found 
that if the sartorius of the frog be warmed to 33°5°, it contracts 
considerably, but that on cooling it quickly regains its original length. 
If warmed even to 38°, it will lengthen again on cooling, but in this 
case much more slowly. Still again, the muscles as a rule undergo a 
considerable amount of shortening before they lose their excitability. 
As will be shown later, this shortening may sometimes amount to over 
40°/,. It is possible, therefore, that the initial heat contraction is of. 
the nature of a tetanus, brought on by the stimulating effect of the 
high temperature. Thus the contraction is very marked in voluntary 
_ vertebrate muscle, just as in the electrical tetanic contraction ; but slight’ 
in cardiac muscle, as is also its tetanic contraction (Engelmann’). 


- Fig. 17. Gastrocnemius of R. temporaria. : 


However, it is generally absent from involuntary muscle, which can 
pass into a marked tetanus. In support of the tetanic nature of the 
initial heat contraction, is the fact that the actual shortening so 
produced is generally about the same as that produced on electrical 
tetanus, In Fig. 17 an example of this is given. Here the gastroc- 
nemius of R. temp, was first tetanised, and then gradually heated to 
‘ 90°. The shortening on tetanus was 32°5°/,, and after the initial heat 
contraction, 31'2°/, In another experiment on the gastrocnemius of 


1 Physiol. Chem. p. 669. ® Pfliiger’s Archiv, xxix. p. 458, 1882. 
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R. temp., the tetanic shortening was 29°6°/,, and the heat contraction 
29°9 °/,, and in two on the sartorius, the tetanic shortening was 
respectively 40°1°/, and 43°3°/,, and the heat contraction 38°3°/, and 
40°5°/,. In an experiment on the sartorius of the toad, on the other 
hand, the tetanic shortening reached the remarkable figure of 64°5°/,, 
or 3'2°/, more than the heat contraction at 90°, and 11°9°/, more than 
the initial heat contraction. 


The amount of solids in the contractile tissues. 


Arguing from the above described effects of soaking muscles in 
various saline solutions, it was thought that the temperatures of heat — 
contraction and of loss of excitability of the tissues might depend 
largely on the amount of solid constituents they contained. Hence 
numerous determinations of the solids in the various tissues were made 
by heating weighed portions of the tissues in porcelain crucibles to 
about 115° for 24 or 48 hours, in an oil bath supplied with a gas 
regulator. As was determined by experiment, the weight reached a 
constant value by the end of this time. The tissues of the heart and 
of the alimentary canal, and of certain of the invertebrate animals, 
were, before weighing, quickly dried by pressing several times between 
sheets of paper, as they frequently contained considerable amounts 
of blood or other liquids. 

_ The percentages are given in the accompanying table. It will be 
seen that most of the tissues contained about 20°/, of solid constituents. 
The voluntary muscles of R. temp., the hypoglossus excluded, contained 
on an average 19°8°/, of solids, whilst the involuntary muscular tissues 
contained 19°7°/,, or practically the same. In R. esc. the voluntary 
muscles contained 18°7 °/,, and the involuntary 18°1°/,: in the toad the 
voluntary 18°5 °/,, and the involuntary 17°6°/,. In the case of the axolotl 
and the tortoises, a more or less similar relationship between the solids 
in the voluntary and involuntary muscles shows itself. In the grass 
snake, on the other hand, the difference is rather more marked. 
Anodon shows the greatest difference of all, however, the tissues of 
the rectum containing only 7°0°/, as against the 16°1°/, present in the 
voluntary muscles. The cardiac tissues in all cases but those of the 
tortoises contained less solid constituents than either the voluntary 
or involuntary muscles: generally, indeed, considerably less. The 
hyoglossus muscle was peculiar in that it generally contained con- 
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siderably less solids than the other muscles; in R. temp., for instance, 
4°4°/, less, and in R. esc., 6°6 °/, less, on an average. 

_ As regards the actual percentage of solids in the tissues, the eel 
easily comes first. Thus most of its muscles contain no less than 36 °/, 
of solids, or nearly double that present in most other animals. Why 
this is so can only be a matter of conjecture, but it is perhaps connected 
with the fact that the tissues have to be able to adapt themselves to 
very sudden changes of osmotic pressure, when the fish pass from salt 
to fresh water, and vice-versa, and so need to be exceptionally tough. 
They do, in fact, on cutting with a knife, show a toughness and 
stringiness which none of the other muscles examined possess. However, 
not all of the eel muscles show either this toughness or this high 
percentage of solids. Thus the Abductor mandibule is quite a soft 
muscle, and was found to contain only 21°/, of solids.. The cardiac and 
involuntary muscles also contained about 21°/,. Next to the eel comes 
the grass snake, with 25°3 °/, of solids in its voluntary muscles, and 21 °/, 
or more in its cardiac and involuntary muscles. Of the other animals, 
R. temp. and the salamander contained some 19°/,, and R. esc., the toad, 
and the tortoises, some 18°/, of solids in their voluntary muscles, 
Finally the axolotl contained only 15:7 °/,, and the gold fish only 15°0°/,. 
Among the invertebrates, the two lowest members examined, viz. the 
leech and the earthworm, come first with respectively 21°6 and 20°8 °/, 
of solids. The Molluscs come next, but show considerable variations in 
their values. Thus in Helix the tissues average 21°5 °/,, and in Anodon, 
only 16'1°/, Finally, last of all, comes the crayfish with 149 °/,. 

In order to be able to conveniently compare the temperatures of 
heat rigor and of loss of excitability of the tissues with the percentage 
of solid constituents present, it is necessary to calculate mean values for 
the two varying factors. The values thus calculated are given in the 
accompanying table. 

In each instance they concern only the voluntary muscles of the 
animals in question, and not the cardiac and involuntary. In the case 
of the solid constituents also, the values for the hyoglossus were omitted 
as well. In calculating the mean heat contraction values, one or two 
arbitrary rules were followed. Thus if any value, as the temperature 
of loss of excitability, were thought to be abnormal, it was omitted. 
Also in the case of R. temp., where numerous observations were 
made on the sartorius and gastrocnemius muscles, only two (mean) 
experimental results on each muscle were calculated in the general 
mean, so that they should not have an undue preponderance. 
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Shorten- Loss of age Percent- 
begins culminates begins culminates —> solids in 
at at at. at at 

R. temporaria 381°0° 388°0° 41°9° 50°4° 56°6° 69°3° 88°6° 19°79 
Salamander 84:7 870 419 6510 682 683 900 3839 19°49 
R. esculenta 402 466 6568 662 714 8783 498 #£418°78 
| Toad 825 401 446 6586 616 706 853 446 £1852 
Axolotl 82°4 87°7 483 58°4 714 869 388 15°66 
Grass snake 35° 425 469 59° 69°S 900 3879 25°31 
Tortoise (land) 42°4 47°7 61°0 68°8 884 3884 18°35 

Tortoise (water) 37°38 445 485 59°4 679 900 48°83 18°84: 
Eel 28S 392 446 60° 629 670 748 3888 86°15 
Gold fish 33-4 3894 418 668 641 653 9805 166 £1498 
Helix 514 461 5389 567 90°0 96 21°51 
Planorbis 413 472 481 558  90°0 8 20°00 
Lymnsus (44°7) (50°0) 554 90°0 19°92 
Anodon 470 481 504 595 900 93 16°11 
Crayfish 23°33 878 414 620 90°0 15% 14°92 

Dytiseus 25°0 3895 392 460 72°7 

Leech 444 482 493 6562 900 —21°4 21°61 
Earthworm 388°3 39°4 42°77 576 90°0 10°4 20°79 


The arrangement of the mean numbers in the table is on a twofold 
plan. Thus animals of the same class of the Animal Kingdom are 
placed together in groups, but within these groups they are arranged 
according to the percentage of solid constituents their tissues contain. 
By this means two facts are exhibited: firstly, that the temperature of 
loss of excitability of the tissues is more or less the same for animals of 
the same class: and secondly, that as far as these results can show, 
it bears no relation whatsoever to the amount of solid constituents 
present. As regards the first point, we see that in the five Amphibia 
examined, the temperature of loss of excitability varies from 37:7° to 
40°2°. In the three Reptilia it is several degrees higher, it varying 
from 42°5° to 47°7°: and in the two fish, it remains constant at about 
39°. In the four Mollusca, again, it is much higher, it varying from 
445° to 481°: that is to say, supposing only one of the three 
experiments made on Lymneus be taken as representing the true 
temperature of loss of excitability. In the two Arthropods examined 
the temperatures are respectively 37'8° and 39°5°, whilst in the two 
members of the phylum Vermes, there is a very marked difference, due 
perhaps to their very distant morphological relationship. 

This evident connection between morphological structure and 
resistance to high temperature extends also to the temperature limits 
of the initial heat contraction, and even to those of the first secondary 
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contraction. Thus in Amphibia, the initial contraction begins at about 
33°, and culminates at about 43°, whilst the secondary contraction 
begins at about 53°. The values in the fish are more or less similar, 
but in the Reptilia, on the other hand, all three of these values begin 
some five degrees higher. In the Molluscs, where the temperature 
of loss of excitability reaches its maximum, the initial contraction 
temperature limits are also maximal. In the Arthropods, on the other 
hand, both are almost minimal. 

_ And now as to the question this research was intended to elucidate, 
viz., the relation of the temperature of loss of excitability to the amount 
of solid constituents present. We have seen that this temperature was 
distinctly affected by adding or subtracting water from the tissues of 
the sartorius and gastrocnemius muscles. Such an effect, however, if 
present in the tissues of the different animals, is entirely masked by 
other factors. Thus of the Amphibian muscles examined, those of 
R. esc. and the toad have less solid constituents than those of BR. temp. 
and the salamander, but remain excitable till two or three degrees 
higher. In the Reptiles, those of the tortoises contain 7 °/, less solids 
than those of the grass snake, but are even more resistant to high 
temperature. In the two fish, the excitability is lost at about the same 
temperature, but the muscles of the eel contain more than twice as 
much solids as those of the gold fish. Indeed, even in the eel itself, we 
have seen that one muscle may not contain much more than half as 
much solids as another, and yet preserve its excitability to just as high 
a temperature. Once again, as regards the Molluscs, Anodon, though 
containing 5°4°/, less solids than Heliz, is nevertheless more resistant. 

It follows therefore, that as far as these observations go, the 
temperature of loss of excitability of the various tissues, or, what 
practically amounts to the same thing, the highest temperature com- 
patible with their continued vitality, does not at all depend upon the 
more or less physical condition of the concentration or dilution of the 
tissue constituents. On what does it depend, therefore? It is, perhaps, 
bound up closely with the chemical composition and nature of these 
constituents ; for, as we have seen, the secondary heat-contractions may 
probably be set down to the coagulation of the various proteids present. 
Exact chemical analysis of both the organic and inorganic constituents 
of the tissues of various classes of animals have not yet been made, 
however, so it is impossible to say how far the varying vitality of the 
animals in regard to high temperatures is dependent on the com- 
position. 
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The effect of temperature on extensibility. 


The results obtained on the question of extensibility are collected 
in the accompanying table. They agree fairly well with the conclusion 


With rise of temperature extensibility was 


Muscular tissue increased constant diminished 
Voluntary vertebrate  58°8%, - 15°3%, 25°9°/, 
Cardiac 60°0 20°0 
Involuntary ,, 55°0 10°0 85°0 
Invertebrate 47°7 9°2 43°1 


of Brodie and Richardson that a muscle becomes more extensible 
for all loads on warming.- Thus one may see that in distinctly over 
half the observations the extensibility increased with rise of temperature, 
the voluntary and cardiac muscles of vertebrates conforming most fre- 
quently to the rule. In involuntary vertebrate muscle, however, the 
percentage of observations in which shortening occurred was consider- 
ably larger, whilst in invertebrate muscle it was nearly as great as that 
in which there was lengthening. It can therefore scarcely be a general 
rule, applicable to all forms of contractile tissue, that rise of tem- 
perature causes an increase of extensibility. It should be borne in 
mind, however, that the method of experiment employed in the present 
research differed in a very important point from that adopted by 
Brodie and Richardson, we. the tissue was excited at frequent 
intervals, This doubtless tended to produce a diminution of exten- 
sibility, especially in the involuntary vertebrate and invertebrate 
muscles. 

We have yet to refer to the amount of shortening produced on 


heating to higher temperatures. This was determined by direct 


measurement of the length of the preparation before and after 
heating, and also by measuring off the height of the contraction 
from the recorded heat contraction curve and dividing by five, the 
number representing the amount of its magnification. A mean between 
these two values was taken as correct. The mean percentage shortening 
produced at 90° in the voluntary muscles of the various animals is 
given in the table a page or two back. 

In the individual vertebrate muscles, the shortening varied ie 
6°5°/, to 61°3°/,, it being on an average about 40°/. As has long been 
known, various muscles have very varying capacities for shortening. 
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This is well illustrated by the case of the sartorius and the gastrocnemius 
of R. temp. Thus the first of these muscles shortened 54°8°/,, on an 
average, and the second, 32°3°/,. Again the sartorius generally reaches 
its maximum shortening at 90°, whilst the gastrocnemius does this at 
about 77°, and then relaxes slightly. 

Judging from the mean results, the muscles of R. esc., the water 
tortoise, R. temp. and the toad undergo the greatest shortening, this 
varying from 49°8°/, to 446°/. Next come the axolotl, snake, land- 
tortoise and eel, with about 38°/, shortening, then the salamander with 
34°/,, and lastly the gold fish with 16°6°/,. The invertebrate muscles 
differ very widely from the vertebrate, for in no case was the average 
shortening more than 15°5°/,, and in the leech there was even a 
lengthening, amounting to 21°4°/, The Molluscan tissues generally 
shortened about 10°/,, though in Planorbis there was practically no 
change of length. In the crayfish the maximum shortening of 15°5°/, 
was effected, whilst in the carthworm it was 10°4°/,. , 

As regards the cardiac muscles of vertebrates, the shortening was 
about the same as in the voluntary muscles. Thus it varied between 
~$7°8 and 46°8°/, in twelve cases, and between 24°9 and 81°6°/, in three 
cases. In the only other observation made, viz. on the heart of the 
eel, it was only 5°4°/, at 90°; but this was partly because of the great 
relaxation which set in from 70° onwards. 

In the involuntary muscles, the shortening produced was in some 
cases greater than in the voluntary muscles. Thus in the observations 
on the csophagus and stomach a shortening varying from 46°4°/, to 
61°7 °/, was present in twelve out of the fifteen experiments made. In 
the intestine, however, it was less marked, it exceeding 40°/, in only 
two out of ten cases. In the bladder, and also in the blood vessel 
examined, it was generally very well marked, it varying from 36°9 to 
54°2°/, in five out of the seven observations on the bladder, and from 
_ 44°9 to 55°5°/, in five out of the eight observations on the blood vessel. 
Particular animals seem to possess peculiarities of their own as regards 
the shortening of their tissues, Thus in the toad, the cesophagus 
shortened only 23°5°/, and 30°0°/,, the intestine 11°5°/,, the bladder 
8°0°/,, and the aorta 19°1°/,; or in each case very much less than 
usual. 

The results obtained as to the effects of temperature on the 
excitability, or rather, the height of the contraction of the muscles 
on stimulation, are of but little value. Thus the tissue under 
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examination was heated in salt solution, in which the exciting 
electrodes were also immersed, The resistance both of the tissue 
and salt solution was therefore continually decreasing on warming, 
perhaps not in equal proportion, so the strength of the stimulus may 
have varied also. Suffice it to say that in voluntary vertebrate muscle 
the contraction on stimulation generally increased on warming, (55°8 °/, 
of all experiments), whilst in cardiac and involuntary vertebrate muscle, 
and in invertebrate muscle, it generally decreased, (it increasing only in 
respectively 20-0, 20°0 and 40°4°/, of the experiments). 

_ There remains yet one other point to remark upon, to wit, the 
amount of shortening undergone by the tissues in the initial heat 
contraction, when the excitability was still just present. This shortening 
may be very considerable, but it appears to vary greatly not only in 
different animals, but in different muscles of the same animal, Thus 
in the various observations on the gastrocnemius of R. temp., it varied 
from 5°2 to 15:3°,, it averaging 8°7°/,; but in those on the sartorius it 
varied from .27°9 to 45°8°/,, and averaged 34°4°/,. In the observations 
on R. esc., it was generally about 10°/,, and in those on the axolotl 
only about 5°/,, but in those on the toad over 20°/,. In the snake it 
was about 10°/,, in the land tortoise 15°/,, and in the water tortoise 
25°/, In the eel and gold fish it was only about 5°/, 3 

In the invertebrate. tissues, so far from there being any shortening 
when excitability was just present, there was generally a very marked 
lengthening. This amounted to about 50°/, in the case of Anodon foot 
muscle, and 20°/, in Helix, Planorbis and Lymnaus foot muscle. In 
the leech the lengthening was most remarkable, it varying from 91°0°/, 
to 163°0°/, in four out of the seven observations made. 

In cardiac vertebrate muscles there was on an average only 1°/, 
shortening, whilst in the involuntary muscle there was sometimes 
shortening and sometimes lengthening, the extreme values amounting 
to + 28°8°/, and — 242°/, On an average, however, there was practically 
no change. 

We see, therefore, that the voluntary vertebrate muscles are sharply 
divided from the cardiac and involuntary, in that on heating they 
retain their excitability until they have undergone a considerable 
amount of contraction. The invertebrate muscles, on the other hand, 
differ just as much in the opposite direction, in that on heating they 
retain their excitability, but undergo a considerable lengthening. 
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SUMMARY. 


The following are the chief conclusions arrived at in this paper: 

On gradually heating the voluntary muscles of certain vertebrates 
from about 12° to 90°, three distinct contractions are generally observed, 
the initial one being the most marked. In the five Amphibia examined 
(viz. R. temporaria, R. esculenta, the toad, axolotl and salamander) the 
initial contraction generally began at about 33°, and culminated at about 
43°. The first secondary contraction generally began either at about 50° 
or 56°, and the second one at about 70°. The excitability was lost at 
about 38°5°. In the Reptiles examined (land tortoise, water tortoise 
and grass snake) the temperature values were higher, the initial con- 
traction beginning at about 38° and culminating at about 49°, and 
the secondary contractions beginning at about 60° and 70°. Also 
the excitability persisted. till about 45°. In the Fishes examined 
(eel and gold fish) the values were more or less similar to those in 
Amphibia. 

Cardiac muscle differéd from the voluntary, in that it showed only 
a slight initial heat contraction, and a single well-marked secondary 
contraction. The latter began at practically the same temperature 
as in the voluntary muscles of the corresponding animals, whilst the 
temperature of loss of excitability to electrical stimuli was also about 
the same. 

In the involuntary muscles examined, viz. the esophagus, stomach, 
intestine, bladder and aorta, the heat contraction curve was again 
distinctive. The excitability, when present, was lost at about the same 
temperature as in the voluntary muscles, and then there followed, in 
almost all of the tissues but the aorta, a more or less considerable 
relaxation lasting over some 10°. This was probably due to the 
disappearance of tonus. There then ensued, at from 47'8° to 62°0°, a 
marked heat contraction which persisted till 90°. Occasionally there 
was a very slight initial contraction at about the same temperature as 
the initial contraction of voluntary muscle, but as a rule this was 
entirely absent. 

The muscles of invertebrate animals showed in most cases a fairly 
well-marked initial heat contraction, but a much more obvious secondary 
contraction. In the Molluscs examined (Anodon, Planorlis, Helix, and 
Lymneus) shortening began at from 41°3° to 51°4°, and culminated at 
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from 48:1° to 53:9°, whilst the secondary contraction began at about 
56°. The excitability persisted till from 44°5° to 481°. In the Arthro- 
pods examined (crayfish and Dytiscus) the initial contraction began at 
about 24° and culminated at about 40°, whilst the secondary contraction 
began at respectively 62° and 46°. Excitability was lost at about 39°. 
Lastly, in the earthworm and leech there was an initial contraction at 
respectively 38° and 44°, and a marked secondary one at about 57° in 
each case. Excitability was lost at respectively 39° and 48°. | 
In order to determine the effect of external agents on the heat 
contraction, the sartorius and gastrocnemius muscles of R. temp. were 
soaked for various periods in saline solutions of various strengths. The 
temperature of onset of the initial heat contraction was lowered 
respectively 7°9° and 5°6° by hypisotonic (2 to ‘4°/,) solutions, and 


_ raised respectively 4°5° and 4°5° by hyperisotonic (‘8 to 4°0°/,) solutions ; 


whilst the temperature of loss of excitability was lowered 3'9° and 2:9° 
by hypisotonic, and raised ‘6° and ‘7° by hyperisotonic solutions. The 
initial heat contraction was thus affected considerably by the soaking, 


- and so would seem to be of a different nature to the secondary con- 


tractions, which were influenced but slightly. It may, perhaps, be of 
the nature of a tetanic contraction. Thus its actual amount was 
found to be practically the same as that of an electrical tetanic 
contraction, 

The secondary heat contractions are probably due to the coagulation 
of proteids, Thus in voluntary muscle the majority of them arose at 
about 50°, 56° and 71°, and a few of them at 62°, whilst in cardiac 
muscle they arose at 50° and 57°, in involuntary muscle at 52°, 58° and 
61°, and in invertebrate muscle at 52° and 57°. These values agree 
fairly well with the temperatures of heat coagulation of the muscle 
proteids given by Halliburton (paramyosinogen 47°, myosinogen 56°, 
myoglobulin 63°, and albumin 73°). 

Contrary to expectation, the temperatures of onset of heat con- 
traction and of loss of excitability do not seem to depend at all on the 
amount of solid constituents in the tissues. Thus the tissues of the 
grass snake lose their excitability at 42'5°, and contain 25°/, of solids; 
but those of the tortoises lose it at about 46°, and contain only 18°/,. 
Those of the eel lose it at the same temperature as those of the gold 
fish, but contain 36°/, of solids as compared with 15°/,, etc. Asa rule, 
the involuntary muscles contained nearly as much solids as the volun- 
tary, but the cardiac muscle about 3°/, less. 
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The extensibility for temperatures up to about 30° was generally 
increased in all the contractile tissues examined. On heating from 12° 
to 90° the muscles of the vertebrates, both voluntary, cardiac and 
involuntary, generally shortened about 40°/,; but those of invertebrates 
only about 10°/,, or less. | 

The muscles of vertebrates retain their excitability until they have. 
undergone a considerable contraction on heating. This amounted to 
about 25°/, in the water tortoise, and 20°/, in the toad and R. ~ 
but only 5°/, in the axolotl and eel. 

In conclusion, I wish to take this opportunity of expressing my 

warm thanks to Prof. Gotch for his valuable criticism and suggestions. 
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ON THE COAGULATION OF PROTEID BY ELEC- 
TRICITY. By W. B. HARDY, Fellow of Gonville and Caius 
College, Cambridge. With a note in the teat by W. C. D. WHETHaM, 
Fellow of Trinity College. 


THE material used in the experiments which form the subject-matter 
of this paper was the slightly opalescent fluid which is formed when 
white of egg is mixed with 8 or 9 times its volume of distilled water, 
filtered, and boiled. The proteid matter in solution is changed by the 
heat so that, according to Starke, the greater part presents all the 
characters of alkali albumen’. In its physical characters the solution 
is indistinguishable from a solution of silicic acid. It belongs to the 
silicic acid and water type of colloidal mixtures’. It contains, in 
addition to inorganic matter, organic matter which may be separated 
into two kinds by the passage of a constant current. One of these 
is the alkali-albumen-like body: it is present as a fine suspension of 
discrete particles the size of which may be increased by adding any 
electrolyte. These particles have a limited mobility in the solvent 
which is dependent solely upon the alkali present. Therefore, if the 
percentage of alkali is gradually lowered by dialysis against distilled 
water, or by slowly allowing free acid to diffuse into the fluid, de- 
mobilisation occurs with production of a coagulum. This may be 
called the specific relation of the substance to free acid or alkali as 
opposed to the generic relation which, in common with all colloidal 
solutions of the suspension type, it bears to electrolytes. Electrolytes 
when added to the solution cause an increase in the size of the colloid 
particles. Different electrolytes vary in the power they possess: three 
stages in the process have been chosen for measuring this; the 
development of a clearly visible opalescence*; the formation of the 


1 J. Starke. Ref. in Maly’s Berichte, xxvu. p. 19. 1897. 

2 This Journal; xxrv. p. 174, 1899. 

’ Schulze. ‘*Antimony and Arsenic Hydrosulphide,” Journ. f. prakt. Chee xxv. 
p. 431, 1882; ibid. xxvi1. p: 320. 1883. 
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hydrogel’; and the syneresis of the hydrogel’. The results in the 
first two cases are absolutely concordant. They have been stated 
in various ways but I propose the following as the simplest method of 
indicating the relation. 

If we define the coagulative power of a substance as the inverse’ 
of the concentration in gram molecules per litre necessary to convert 
a given hydrosol into a hydrogel then we can speak of the specific 
molecular coagulative power of a salt. If we denote this by & and the 
number of molecules per litre by m then for two salts, 


The value of k has been found to vary for different salts according 
to the valency of the metal when the hydrogel produced is not liquefi- 
able by heat. The actual numbers may be obtained directly or by | 
calculation from the papers quoted in the footnotes. Picton and 
Linder give the following figures :—if the value for salts of trivalent 
metals be taken as 1000, then the value for salts R”Ac, R'Ac will be 
respectively 100 and + 2. 

In the case of colloidal sulphides of arsenic, antimony or cadmium 
the salts of hydrogen—that is to say free acids—have the coagulative 
power proper to salts of univalent metals. In this respect the proteid 
solution is different as we have already noticed. Otherwise my 
experiments show that the action of neutral salts as coagulants — 
in this case with the law of the valency stated above. 

The action of free acid or alkali varies according to the condition of _ 
the material. The original opalescent fluid is alkaline in reaction: on 
dialysing this against distilled water it at length coagulates, and the 
coagulum may be broken up and suspended in distilled water without 
solution. On the addition of acid a dispersion’ of the flakes of 
coagulum occurs with production of an opalescent fluid having an acid 
reaction. It therefore is necessary to distinguish three conditions 
which are according to the reaction with litmus (i) when the fluid is 
alkaline, (ii) when it is acid, (iii) when it is neutral. The electrical 
reactions show that the proteid substance is electro-positive or in an 


1 Prost. “Cadmium sulphide,” Bull. ?Acad. Roy. d. Sci. d. Belg. Ser. 3, xtv. p. 
312. 1887; Picton and Linder, “Antimony hydrosulphide,” Journ. Chem. Soc. uxvu. 
p. 63. 1895. 

2 Spring and Lucion. ‘Copper hydrate,” Zeits. f. anorg. Chem. 1. p. 196. 1892, 
3 The following pages show that it is inadvisable to use the word “ solution” here. 
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alkaline phase when the fluid has an acid reaction, and it is electro- 


negative, or in the acid phase when the fluid has an alkaline reaction. 
This more exact nomenclature is however likely to be confusing if it 
is used before the actual experiments are described and discussed. 
I therefore propose to distinguish the three sacansccateen according to the 
reaction of the fluid to litmus paper. 

The similarity of this substance to a solution of silicic acid in water 
is complete. In the neutral condition it coagulates spontaneously 
unless the solution be very dilute. _The coagulum is liquefied by an 
exceedingly minute trace of free alkali. One part by weight of caustic 
soda dissolved in 10000 of water will liquefy 200 parts by weight of 
silicic acid in 60 minutes at 100°’. The proteid coagulum is perhaps 
even more sensitive to free alkali. If a pin point is just dipped in 
a strong solution of caustic soda, shaken, and then washed in 5 cc. of 
distilled water an alkaline solution is produced which will rapidly 
liquefy the coagulum at the boiling point. Finally the coagulum, like 
the hydrogel of silicic acid, and unlike the hydrogel of gelatine, is not 
liquefied by a rise of temperature, but it shrinks with expression of — 
“serum.” The coagulum differs from a hydrogel of silicic acid in the 
fact that it is liquefiable by traces of acid as well as by traces of alkali. 
The coagulation of a solution of silicic acid is retarded or prevented by 
free acid although the process of coagulation is not reversed by acid, 
therefore the difference is probably one of degree rather than of kind. 
Still, in the ease with which it is liquefied by free alkali, the proteid 
coagulum reacts as an acid coagulum such as the hydrogel of silicic 
acid, and in the ease with which it is liquefied by free acid it resembles 
a basic coagulum such as the hydrogel of alumina or peroxide of 
iron. 

The action of the acid or the alkali in liquefying these various 
hydrogels cannot be regarded as a simple chemical action such as the 
formation of a soluble salt, a silicate, or albuminate as the case may be, 
since the quantity of free acid or alkali necessary to produce the change 
is so excessively minute’. 

The minor part of the organic matter present in the boiled fluid 
is readily soluble and forms a fine film on drying. Supposing the — 
separation which is effected by the electric current to be — then 


Graham. Trans. Chem. Soc. 1. 818. 1864, 
2 In the parallel case of silicic acid Thomsen’s determination of the heat evolved, 


neutralisation. 
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the ratio by weight of this matter to the alkali-albumen-like matter 
would be about 1 to 12. 


The action of a constant current. 


The current was supplied by storage cells at 105 volts. Platinum 
electrodes were used and the electromotive force was varied from 8, 13, 
to 105 volts in various experiments. The resistance was always very 
great. It was not thought necessary to measure it but the current 
passing was always less than 0:000001 ampére. The cell employed 
had the shape of a U-tube with vertical limbs. The bend of the U was 
narrowed in order to make it easier to withdraw the contents from the 
limbs without mixing. The narrow and wide parts were joined by 
funnel-shaped regions each 14 mm. long. The transverse diameter of 
the limbs was 11 mm. The bending narrowed part was 80 mm. long 
and had a bore of 3 to 35 mm. It was found that this was wide 
enough to allow of an axial flow sufficient to neutralize the electrical 
endosmotic action so that, except when the tube became blocked, no 
alteration of level in the two limbs was produced by the potential 
gradient. Important ‘endosmotic action was however noticed in the 
course of the experiments when a coagulum formed so as to block the 
tube. In one experiment the discharge from a Holz electrical machine 
was tried. In this case the voltage, as measured by the length of the 
spark in air, was about 25000. In this experiment a tube having 
throughout a transverse diameter of 13 mm. was used. 

The fluid has an alkaline reaction. The effect of the passage of 
a constant current is the formation of an opaque white coagulum about 
the anode. The density of the coagulum is dependent upon the 
electromotive force: with 105 volts it is yellowish with transmitted 
light and of a tough almost rubber-like consistency as though the 
particles had been impacted with considerable force. When the 
coagulum forms as it sometimes does in the neck of the narrow part 
of the tube nearest to the + electrode it is of the dense yellow type, 
even though the electromotive force be only 13 volts; in the narrow 
part of the tube the lines of force which join the electrodes are closer 
together and therefore the intensity of the electric field is greater. — 
The formation of the coagulum about the anode is accompanied by 
a diminution in the opalescence of the fluid in the cathode limb. 

These changes in the aspect of the contents of the U-tube are due. 
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to an actual movement of the proteid particles through the liquid from 
the cathode to the anode. This was determined by estimating the 
concentration of the solids in the two limbs after a current had been 
allowed to run for a certain time. 

The following figures give the results in one experiment. I may 
note in passing that all the figures quoted in this paper are comparable, 
since the same cell, the same electrodes, the same electromotive force, 
and the same solution of egg-white were used to obtain them. 


Exp. A. White of egg beaten thoroughly, to one volume 8 volumes of 
distilled water were added: filtered and filtrate boiled. Placed in dialysing 
trays in shallow layers a few millimetres deep and dialysed against distilled 
water in large volume, which was renewed every 24 hours for 6 days. At 
the close of the third day the fluid was removed and brought to the boiling 
point for a few seconds in order to check any bacterial action. The cups 
were thoroughly rinsed with distilled water. The fluid was again boiled at 
the close of the sixth day. The optical characters of the fluid were not 
_ modified by boiling. The total solids were now found to be 1°4 grams per 
100 c.c. This fluid was used in experiments A, B, and CO. 

. Some of the fluid was placed in a cell, u.m.Fr.=105 volts, current 

_ <0°000001 ampére, 77=17°. After 24 hours a dense coagulum had formed 
about the anode; the fluid was at the same level in both limbs. The 
coagulum in the anode limb was thoroughly broken up and the solids in each 
limb determined. 


Grams per 100 c.c. 
+ 
0-2 


The solid matter from the cathode limb formed a film of a much 
finer texture than the coarse-grained film produced by the dried solid 
of the anode limb. i 

If the coagulum which forms round the anode be broken up with 
a glass rod so as to convert it into a fine milky suspension it is found 
that the particles have changed their electrical characters, so that they 
now move in the reverse direction, namely towards the cathode. There 
is thus a primary movement of the proteid particles in the direction of 
the negative stream, anda secondary movement in the direction of the 
positive stream. The secondary movement is not manifested unless 
the coagulum be broken up because of the purely mechanical resistance. 
_ With a lower electrical pressure, say 8 to 13 volts, the coagulum is 
loose enough to allow of the secondary movement, so that after 48 hours 


iz 
> 
+ 
y 
@ 
4 
ag 
2 
iW 
1+ 
4 
H y 
> 
ey 


COAGULATION BY ELECTRICITY. 293 


a membranous coagulum appears at the commencement of the narrow 
part of the tube on the side of the cathode—the flocculent coagulum 
as it were jams at this point on its reverse journey. In this way the 
proteid particles may be driven out of both limbs and impacted in a 
dense coagulum occupying a mean position. 

The force which drives the proteid particles must be considerable. 
If one end of the narrow part of the tube be blocked by a plug of 
glass wool driven home as hard as possible the movement is not 
arrested though it is retarded. Now a pressure of about an atmosphere 
does not drive the particles through a similar plug of glass wool in the 
base of a funnel. The retardation is shown by the fact that with the 
same voltage—105—the amount of solids in the cathode limb was 
reduced only from 14 to 10 gram per 100c.c. in 60 hours, 

The experiments which I performed furnish the grounds for a 
qualitative statement only of the influence of the conductivity of the 
fluid upon the movement of the particles. A comparison of the results 
obtained with undialysed and dialysed solutions shows that in the 
former the rate of accumulation in the anode limb is less and the 
percentage of solids there does not rise to so high a level. This 
difference is in part due to the fact that the es or reverse 
movement is established sooner. 

So far no mention has been made of any movement of the finely 
divided organic matter which is found in the cathode limb after the 
proteid particles have passed over to the anode limb. When a plug 
of glass wool is present in the narrow part of the U-tube the secondary 
movement forms a coagulum on the anode side which is dense, trans- 
lucent, and yellow by transmitted light. On the cathode side however 
a much smaller amount of an entirely different coagulum appears. It 
forms a thin membrane only about 1 mm. thick, of an opaque Chinese 
white appearance. Sometimes (volts 105) the force of the secondary 
movement drives the yellow translucent coagulum through the glass 
wool so that it reaches the cathode side. In this case the opaque 
white coagulum abuts with a sharp line of junction on the yellow 
coagulum. 

This white coagulum which is so scanty in amount is I take it 
formed by a movement, primary or secondary as the case may be, of 
the very finely divided organic matter which remains in the clear 
fluid of the cathode limb after the current has been flowing for say 
24 hours. 

When an impacted coagulum is formed in the narrowed part of the 
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tube endosmotic phenomena are manifested in a change in the level 
of the water in the limbs. The fluid rises in the cathode limb so that 
the flow is from the anode to the cathode. To sum up therefore—in 
a fluid having an alkaline reaction the proteid particles move from the 
cathode to the anode, that is in the direction of the negative stream ; 
the water moves from the anode to the cathode, that is to say in the 
direction of the positive stream. The proteid particles after completing 
their transit to the coagulum on the anode, or being in the anode 
region for some time, become altered so that they now tend to reverse 
their movement and to travel with the positive stream. . 

The discharge from a Holz machine in passing through the alkaline 
fluid also produces a coagulum about the anode. In this case the 
electricity was led into and from the fluid by two platinum wires. The 
voltage was + 25000. A tiny coagulum formed slowly on the point of 
the positive wire, and in about 30 minutes it grew to the size of a small 

The fluid has an acid reaction. The movements of the proteid 
particles and of the water are the reverse of those described. The 
particles now move with the positive stream from the anode to the 
cathode, the water moves with the negative stream. No attempt was 
made to demonstrate any secondary reverse movement of the particles. 


Exp. B. To a part of the fluid in Exp. A which had been dialysed for 
6 days, hydrochloric acid was added until it became opaque white. Acetic 
acid was then added until the fluid became again translucent. It was then 
dialysed in a very thin layer against a large volume of distilled water for 
24 hours: the distilled water was twice changed. Current run for 24 hours : 
E.M.F. = 105 volts: current <0'000001 ampére. 


Limb Solids in grams per 100.0. 


+ 0°625 
2:20 


In this case also endosmotic, action is obvious when a coagulum 
blocks the tube. The water however now flows from the cathode to 
the anode. Therefore, in both acid and alkaline fluids the movements 
of the water and of the particles are in opposite directions. 

Fluid is neutral. The coagulum which forms when dialysis is 
pushed far enough was broken up very thoroughly and suspended in 
distilled water. There is now so little movement of the particles under 
the influence of a current that it is difficult to detect, and what 
movement there is, is due to the fact that the material is not absolutely 
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neutral. Thus, if the coagulum be formed by dialysing an acid fluid 


the particles when suspended in distilled water will move to the 
cathode. 


Exp. ©. Remainder of acid fluid used in Exp. B dialysed until it 
formed a clear hydrogel. This was broken up in distilled water by shaking 
so that a milky fluid resulted. Some was exposed for 24 hours to the 
current, the electromotive force being again 105 volts. Fluid in both limbs 
still milky, though the particles have settled somewhat and to an equal 
. extent in both limbs. This settling is due simply to gravity, seeing that it 
occurs at the same rate in a tube when no current is passing. The narrow 
part of the cell where the electrical density is greatest was however swept 
quite free from particles, and a small nodular mass of yellow coagulum had 
gathered round the cathode. 


The movements of the pate and the water seem to be readily 
explained on the lines of Quincke’s theory of Electric Endosmose. 
When a current passes through a fluid in a capillary tube there is 
movement of the fluid. The capillary tube in question may be a single 
capillary tube of for instance glass, or it may be the capillary spaces in 
a permeable membrane of china clay, or such organic membranes as 
frog’s skin, cat’s lung, &c., as in Engelmann’s experiments. The 
movement of the fluid is almost always in the direction of the positive 
stream, it is however determined by the nature of the wall of the 
capillary tube and the nature of the liquid. Thus water in glass moves 
with the positive stream, turpentine in glass moves with the negative 
stream. Similarly solid particles, or minute gas-bubbles, are driven 
through a fluid by the passage of a current, the movement in this case 
is almost always in the direction of the negative stream. 

An excellent account of the whole subject is given in Wiedemann, 
Electricitat, 1. pp. 982—1023. Ed. 2, 1893. In addition to this a 
special discussion of the mathematical theory is to be found in a paper 
by Professor Lamb in the Brit. Assoc. Report for 1887, p. 495; and 
Picton and Linder have described the movement of colloidal partinles 
under the influence of a current in the Journal of the Chemical 
Society, LXXI. p. 568, 1897, 

The explanation of electrical endosmose and of the movement of 
particles suspended in a fluid through which a current is passing which 
was furnished by Quincke, is based upon the assumption that there is 
a discontinuity of potential at the surface between the liquid and the 
solid particles or the wall of the capillary tube; there is thus developed 
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a double layer of positive and negative electricity. The direction of 


the flow of the fluid or of the movement of the particles therefore is an 
_ indication of the nature of the charge which is carried by the one or 


the other. Thus since water in a glass tube flows with the positive 
stream the charge it carries at the surface will be positive, that of the — 


glass negative. 


The application of Quincke’s theory to the experimental facts set 
forth in the first part of this paper yields very interesting results. 
When the fluid is alkaline the proteid particles move with the negative 
stream and therefore they carry a negative charge, while the water 
moves with the positive stream and therefore carries a positive charge. 
When the fluid is acid, however, the proteid particles carry a positive 
charge and they therefore are positive to the water. When the fluid 
is neutral there is little or no difference of potential between the water 
and the particles—that is to say, the water and the particles form an 
electrically homogeneous mass. 

The proteid particles therefore have this interesting property that 
their electrical characters are conferred upon them by the nature of the 
reaction, acid or alkaline, of the fluid. If the latter is alkaline the 
particles become electro-negative; and vice versa. 

The secondary or reverse movement of the proteid particles must on 
Quincke’s theory be a result of a change in their electrical characters 
as referred to the water, so that whereas they may have been for 
instance negative to the water, they become positive to the water after 
a long or short sojourn in the neighbourhood of the anode. This 
change may I think be referred to the electrolytic action of the current 
upon the electrolytes present. Owing to this an electro-negative 
particle which moved to the anode would there reach an acid region in 
which its character would change from the electro-negative to the 
electro-positive character. This view is supported by the observation 
that the reverse movement is more pronounced the higher the con- 
centration of electrolytes and therefore the greater the concentration of 
acid or alkali about the electrodes. In an undialysed solution the 
particles do not as a rule reach the electrodes to which they are 
travelling ; they are arrested and form a coagulum at some intermediate 
point the position of which with regard to the electrodes is determined 
by the fall in potential in the cell. 

The movement of the fluid may be explained as follows. When the 
tube remains patent throughout the experiment the level remains the 
same in both limbs. When a coagulum forms so as to block the 
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tube the fluid flows with the positive stream if it is positive to the 
proteid particles; with the negative stream if it is negative to the latter. 
Quincke and von Helmholz refer the movement of particles in a fluid 
which is conveying a current to the contact difference of potential 
between them, whereby the particle and the fluid are urged in opposite 
directions. If the particles are free the result will be that they will 
move through the mass of the fluid; if however they become fixed, as 
happens when they aggregate to.a clot which becomes jammed in the 
tube, the fluid is urged past the particles though of course in a direction 
opposite to that of the free particle’. Therefore when the particles are 
electro-positive, as is the case when the fluid is acid, the water moves 
with the negative stream, a direction which is most unusual 1 in the 
electrical endosmose of this fluid. 


If the proteid in the boiled solution of egg-white be, as Starke 
affirms, a representative of the derived albumens, then the experiments 
perhaps throw a little light on the relation of the proteid to the acid or 
base in this class. , 

The proteid molecules in distilled water form large aggregates so 
that a coarse suspension or a coagulum is the result. A minute 
quantity of acid or base will disperse these aggregates so that a much 
finer suspension is produced; and the particles at the same time 
assume the electrical characters of basic, or acid particles respectively. 
The proteid molecules seem therefore to act as basic or acid particles 
according to the circumstances in which they find themselves. This 
conclusion is justified by the relation which Picton and Linder have 
established, namely, that the direction of the movement of colloidal 
particles under the influence of an electric current is determined by 
their chemical nature. Thus basic ferric hydrate moves with the 
positive stream, acid arsenious sulphide moves with the negative 
stream. | 

The oxides of silicon and iron which form colloidal hydrates also 
act as acid, and as base. Thus from silicon we can get a silicate of 


potassium, or a sulphide, or tetrachloride of silicon. Similarly there — 


are ferrous or ferric salts, and ferrites and ferrates in which the iron 
oxide forms the acid ion. 


1 The statement in the text is purely a qualitative one. I have therefore omitted any 
mention of the movement of the water in the narrow part of the cell which will result from 
the difference of potential between it and the glass wall. 
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The experiments suggest certain ideas concerning the nature of the © 
directive force which determines the aggregation and arrangement. of . 


the colloid particles in the formation of a hydrogel. Graham attri- 
butes it to a quality of “idio-attraction ” possessed by colloid molecules. 
Many colloidal solutions are however stable unless an electrolyte be 


added, and,in this fact a clue to the nature of the force may perhaps 


be found. 
In speaking of the precipitating action of crystalloids upon colloids, 


Hofmeister referred the property to the “water-attracting power” 


of the former, and the phrase has become current in physiological 
literature. It may I think be put aside once and for all. It is vague 
and meaningless in that it cannot be expressed in terms of any definite 
stoichiometrical quantity. Also any possible meaning it can bear must 
be shared by non-electrolytes, and these apparently possess no aggre- 


gating action upon colloid particles. The boiled egg-white solution, for 


instance, is freely miscible with alcohol. 

I endeavoured to arrive at the nature of the action of electrolytes 
by assuming that if the electrolyte acts by modifying the characters of 
the solvent it must be possible to find some value for one of their 
properties such as osmotic pressure, surface tension, viscosity, &c., which 
is approximately constant for all those solutions which are. of the 
strength which is just necessary to produce coagulation. I calculated 


the concentration of Schulze’s equicoagulative solutions’ in gram — 


equivalents and used these figures as the basis for further calculations. 


_ No agreement in any values was found for equicoagulative solutions. 


The following table shows the values for the product of the number 
of gram molecules and the coefficient of osmotic pressure (mi) for 
chlorides. 


Equicoagulative 

of Gram. equivs. Calculated 

chlorides of per litre value of mi 
Am 0090 0°16 
K 0098 0°18 
Na 0:07 0°13 
Mg 0°002 
Ba 0°003 
Ca 0-004 0-006 
Al 00002 0:0003 


1 Journ. f. prakt. Chem. xxv. p. 431. 1882. 
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As little agreement was found in the viscosity of equicoagulative 
solutions. Thus for the solutions of potassium and barium chloride 
-Wagner’s constant gave the respective values 00947 and 000367. 
Lastly, a comparison of the way in which surface tension of the free 
surface of solutions of various salts varies with the valency of the metal 
shows a complete lack of agreement with coagulative action. Thus for 
chlorides we have : 


R RY” 
Surface tension’ » 1 17 
Coagulative power 1 30 1650 


Also the amount of the salts of bi or trivalent metals necessary to 
produce coagulation is so small as to produce negligible changes in the 
surface tension of the free surface, though it is of course possible that by 
electrical action the ions may largely alter the surface tension between 
the colloid particles and the water. The amount of zinc sulphate 
- necessary to produce coagulation of the solution of arsenious sulphide 
used by Schulze was 0:0037 gram equivalents per litre. Dorsay by 
actual measurement with the ripple method found the tension of the 
free surface of a solution holding 0:0199 gram equivalents to be 73:17. 
This value is below that which he obtained for distilled water, namely, 
73°27. The conclusion I would draw from these results is that an 
electrolyte does not act as a coagulant by modifying in any simple 
manner the stoichiometrical characters of the solvent. The same 
conclusion indeed might be drawn at once from the effect of valency 
upon coagulative power. Stoichiometrical values vary generally with 
valency according to the ratio 2: 2a: 3a and not according to the 
square and the cube as coagulative power approximately does. 

The dependence of coagulative power upon electrical conductivity 
is however very clear. Non-electrolytes are almost if not quite without 
any coagulative power, that is unless they act chemically. Feeble 
electrolytes possess an equally feeble power. Cane sugar, absolute 
alcohol, glycerine, chloral hydrate, boracic acid, benzoic acid, salicylic 
acid, and tartaric acid are miscible in all degrees with a solution of 
arsenious sulphide. The conductivity of an electrulyte increases with 
a rise of temperature, therefore at high temperatures tartaric, boracic, 
and glacial acetic acids coagulate antimony trisulphide*. If Linder 


1 The value for the constant K and the formula given by Dorsay, Phil. Mag. ser. 5, 
XLIV. p. 369, 1897, were used. 
2 Schulze. Journ. f. prakt. Chem. xxvu. p. 320, 1883. 
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and Picton’s measurements of the coagulative powers of various acids 
are set beside the values for the specific molecular conductivity of 
solutions of the acids holding 1 gram per litre the same relation is 
clearly shown’. 


Value of K Sp. mol. conductivity 
Acid referred to Al,Cl, when 1 gr. equiv. 
as unity = 1000 o.c. 
Hydrobromic 
Hydriodic 
Nitric | 
Sulphuric 0:0006 1935 
Oxalic 00005 
Phosphoric 0:00007 230 


On the ground of this relation Bodlander’ suggested that the aggre- 
gating or clumping action of electrolytes might be electrical in nature. 
This view indeed follows naturally from the assumption that the ions 
carry static charges. I constructed a table giving the molecular 
conductivities of Schulze’s equicoagulative solutions for colloidal 
arsenious sulphide. The values for neutral salts stand remarkably 
close together, so that in this particular case equicoagulative solutions 
of these salts are those in which the molecule carries approximately 
the same electric charge. The difficulty which stands in the way of 
any simple electrical explanation is the fact that the volume density of 
the electricity in the interior of the water due to the static charges on 
the ions must vary so widely in equicoagulative solutions. Thus 
comparing solutions of potassium and aluminium chloride Schulze’s 


figures would give for the volume densities respectively 3 = + oid 


The coagulative power of electrolytes cannot depend canie on ae 
volume density of electricity in the liquid. For equimolecular solutions 
the value of this density would, by Faraday’s law, be proportional to 
the valency, and the rapid increase of coagulative power which is 
observed as the valency rises would be impossible. 

I owe to the kindness of Mr Whetham a suggestion which appears 
to remove this difficulty and, in conjunction with the experimental facts 
described in this paper, seems to afford a basis for a hypothesis which 


1 Journ. Chem. Society, uxvu. p. 63. 1895. 
* Neues Jahrbuch f. Mineralogie, u. p, 147. 18938. 
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iin the relation of specific molecular coagulative ene to valency. 
It is as follows. 

“The numbers which represent the specific molecular coagulative 
power for salts of metals of different valency suggest the ratio 
R: R’: R” or some similar relation. 

Now if we assume that in order to produce a certain state of 

aggregation of a given group of colloidal particles the presence of a 
critical amount of charge equal to that on a trivalent ion is necessary, 
and that no such aggregation occurs in presence of a smaller charge, 
it will need the conjunction of two divalent and of three univalent ions to 
produce the same result, for the charge on an ion is proportional to its 
valency. 
_ In a solution where ions are moving freely, the probability that an 
ion is at any instant within reach of any fixed point is, putting certainty 
equal to unity, represented by a fraction proportional to the ratio 
between the volume occupied by the spheres of influence of the ions to 
the whole volume of the solution, and may be written as AC, where 
A is a constant and C the concentration of the solution. The chance 
that two ions should be present together is the product of their separate 
chances, that is (AC), and the chance that three ions should be in 
conjunction with the colloidal particle is (AC). 

If we have three solutions whose ions are trivalent, divalent, and 
monovalent respectively, the probability that one of the first-named 
ions should be within its radius of action of a given point is AQ,, the 
probability of two of the second kind being within reach together is 
A*C;,3, and the probability of three of the third kind being present 
together is A*CJ, the constant being assumed to be the same in each 
case within the ondes of accuracy required. 

Now in order that these three solutions should have equicoagulative 
power the frequency with which the necessary conjunctions occur must 
be the same in the three solutions. We shall then have 


AO, = = = a constant = B; 
B /B VB 
or C,:0,:0,=B:/B: WB. 


Since B is a fraction less than unity, this gives the kind of relation 
observed, the concentration for trivalent solutions being much smaller 
than that for an equicoagulative univalent solution. 
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This result is only approximate; the constants A will not be strictly 
identical in the three cases; moreover, since the two divalent ions 
really give a charge greater than that on one trivalent ion the equi- 
coagulative concentration will, in the case of the divalent solution, be 
less than that deduced above, and it is probable that a nearer sis al 
mation to the truth would be given by 


O,:0,:0,=B: 4B: /B=B:B: B. 


Let us take an example. By choosing a proper value for B, in the 
case of our first relation 0°0000156, we get ./B = 0°025, and the ratio 
0,: C,=1: 1600. This gives /B =0°00395, making C, proportional 
~ to 253, so that we should have: 


R:R’: R” =1: 258 : 1600. 


But by our second relation, if we adjust B to give the 1 : 1600 ratio 
for C,: C,, we must take B = 0°025, when B* becomes 0°000625 and B 
00000156, so that 


C,:0,:C,=R: R”=1: 40: 1600, 


a relation agreeing within the limits of error with that given on p. 299 
‘for chlorides, viz. 1 : 30 : 1650. 

It seems likely, therefore, that this hypothesis may explain the 
relation between valency and coagulative — 


The fact that the proteid molecules can have their electrical 
characters altered suggests a reflection concerning the classification of 
colloidal mixtures. It can be based upon the relation to temperature 
or the relation to electrolytes. The former distinguishes the well- 
defined groups which form heat reversible, and those which form 
irreversible or insoluble hydrogels’. From the latter we get a division 
into hydrosols in which the power of an electrolyte to effect demobili- 
sation depends upon the basic ion; and hydrosols in which it depends 
upon the acid ion. In all those cases in which the latter relation has 
been determined the two methods of classification coincide. The 
number of cases is however very small. As they are widely scattered 
in different journals I have brought them together into the following © 
table. 


1 This Journal, xx1v. p. 174. 1899. 
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Substance of Prepotent ion 
Antimony sulphide no obs. acid insoluble metal (Schulze) 
- Arsenic a negative (Picton acid insoluble metal (Schulze) — 
and Linder) 
Cadmium _,, no obs. acid insoluble metal (Prost) 
Alkali albumen negative (Hardy) acid insoluble metal (Hardy) 
Gelatine doubtful (Hardy) ? heat soluble acid (Pascheles)? 


Now in this table we see that in those cases in which the metal ion 
has been shown to be prepotent the colloid particles react to a constant 
current or to reagents like acid particles. This may be a coincidence, 
or it may mean that it is the chemical. character of the colloidal matter 
which determines whether the basic or acid ion is prepotent in modifying 
the spatial relation of the particles in the fluid. The latter view is 
supported by the following facts. Silicic acid is electro-negative 
(Picton and Linder) and it is coagulated by salts but not by free 
acids (Graham). Ferric hydrate is basic and electro-positive (Picton 
and Linder) and it is coagulated by alkalis but not by acids, with the 
exception of sulphuric acid. Hydrate of alumina acts both as acid or 
base, it is coagulated by acids and alkalis as well as by neutral salts. 
Spring and Lucion? examined the influence of some sulphates and 
chlorides upon the rate of synzresis (dehydration) of the hydrogel of 
cupric hydrate. The numbers do not help us however since they differ 
completely from those found when a hydrosol is used. The figures 
agree with the common stoichiometrical relation in which the effect is 
directly proportional to the molecular and ionic concentration. 

If we assume that the action of an electrolyte is governed by the 
chemical nature of the colloid particles, then there is no reason why 
the two classifications indicated at the beginning of this section should 
coincide and the reversibility or non-reversibility of the hydrogel 
remain as the only fundamental difference since it must depend 
upon a radical difference in the relations of the colloidal solid to the © 
fluid. 

The point is of great importance as a guide in the obscure region 
one is endeavouring to penetrate. In order to throw some light upon 
it I endeavoured to determine the movement of gelatine in water under 
the influence of a constant current. If that could be determined then 
the relation detected by Picton and Linder between the direction of 
the movement and the acid or basic nature of the substance could be 


1 Pfliiger’s Archiv, Lxx1. p. 333. 1898. 
2 Zeits. f. anorg. Chem, tu. p. 195. 1892. 
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applied. The experiments did not give decisive indications. The action 
of the current is obscured by the remarkable influence it exerts upon 
the separation of the solution into conjugates. Spherules 2 to 6 in 
diameter with a high gelatine content separate even though the original 
solution is too dilute to permit of setting. These are repelled from both 
anode and cathode, so that they aggregate to form a loose jelly in some 
midway position. 


SUMMARY. 


Under the influence of a constant current the particles of proteid in 
a boiled solution of egg-white move with the negative stream if the 
reaction of the fluid is alkaline; with the positive stream if the reaction 
is acid. The particles under this directive action of the current aggregate 
to form a coagulum. The physical characters of the material are dis- 
cussed, and the action of the current is explained and developed on the 
lines of Quincke’s theory of electric endosmose. 
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THE RELATION BETWEEN THE INTERNAL TEMPE- 
RATURE AND THE RESPIRATORY MOVEMENTS 
OF HIBERNATING ANIMALS. By M. 8S. PEMBREY, 


M.A., M.D., Lecturer on Physiology, Charing Cross Hospital 
Medical School, anv A. G. PITTS. (Ten Figures in Text.) 


(From the Laboratory, Charing Cross Hospital 
Medical School.) 


Introduction. 
Observations upon Dormice. 

Observations upon Hedgehogs. 
Observations upon a Marmot and a Bat. 
Work of Previous Observers. 
Conclusions. 

Literature on the Subject. 


I. Introduction’. Since the time of Aristotle the phenomena of 
hibernation have attracted the attention of numerous observers and 
the exceedingly slow and irregular breathing of torpid animals has 
been frequently described. The fact that the nature of the respiratory 
movements varied according to the animal’s activity and temperature 
was also recognized, but, even after the introduction of the graphic 
method into pbysiological investigation, few attempts were made to 
record these various types of breathing. The chief researches are 
those of Valentin and of Dubois, who experimented with Marmots ; 
their graphic records, however, do not illustrate many of the character- 
istic types of respiration. No tracings appear to have been taken of 
the respiratory movements of hibernating dormice and hedgehogs, It 
is with these animals that this paper is especially concerned. 


II. Observations upon Dormice. The respiratory movements of 
torpid dormice are very readily recorded by allowing a long straw lever 
to rest across the middle portion of the coiled-up body of the animal. 
The hibernating animal remains so quiet that it is possible, by placing 


1 The expenses of this research were defrayed by a grant from the Royal Society. 
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it each time in a definite, position in relation to the lever, to obtain 
curves quite comparable as regards the magnitude of the movement. 
The dormouse is most readily awakened by periodical determina- 


_ tions of its rectal temperature. It is not until its temperature reaches 


a point about 22° that the animal fully awakes and may move about 
and render the observation of its — movements difficult or 
even impossible. 

The general method of observation was this ihe torpid animal 
was placed under the lever and its respiratory movements recorded for 
a sufficiently long time to determine the character and frequency of 
the breathing; the bulb of a small thermometer was then inserted into 
the rectum and retained until the mercury became stationary. The 
animal was thus partly aroused. The altered breathing was recorded, 
the temperature again observed and in this way the experiment was 
continued until the animal was fully awake. 

From the records of eighteen experiments upon four dormice 
(Myoxus avellanarius) it is possible to recognize at least four different 
types of respiration and these are associated with a difference in the 
rectal temperature. Variations in the external temperature do not 
come into play in these experiments, for the animals were kept in the 
room in which the observations were made; there was no fire and the 
temperature of the room remained fairly constant between 10°—12°. 
The winter was mild and therefore it was impossible to obtain lower 
temperatures. 

The following curves are typical portions selected from a number of 
tracings. In some cases the record of the respiration was, apart from 
the short time necessary for the determination of the rectal tempe- 
rature, observed continuously for an hour or more. The types of 
respiration often pass gradually one into the other, but four distinct 
types can be described. — 

1, When the dormouse was in a condition of marked torpidity and 
had been only slightly disturbed at the commencement of an experi- 
ment, the respiratory movements were often suspended for three or | 
four minutes and this period of apnea was suddenly broken by a series 
of from four to fourteen well-marked respirations, followed by another 
long period of apnea. These respirations generally commenced and 
ceased suddenly and showed no waxing and waning as in the typical 
Cheyne-Stokes’ respiration. The rectal temperature of the dormouse 
was 11°—16° during this stage. The curves 1 in Figs. 1 and 2 illus- 
trate this type of respiration. 
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2. The animal is disturbed by the insertion of the thermometer 
into its rectum and its respiration changes. The periods of apna 


Fig. 1. Dormouse No. I. 1. Hibernating. The period: of apnea lasted 80 seconds 
before the first'respiration. Rectal temperature 5 minutes later was 11°, 2. Stage 
of Cheyne-Stokes’ respiration, 6 minutes later rectal temperature was 13°. 3. Stage 
of continuous breathing, 6 minutes later rectal temperature was 16°. 4. Stage of 
continuous breathing with shivering, 30 seconds later the rectal temperature 
was 24°, 

Rect. Temp. at 1.23p.m.=11°. Rect. Temp. at 1.34 p.m.=12°, 
” ” ” 1.45 ” = 13°. ” ” ” 2.8 ” = 16°25°. 
” ” 2.02 4, ” ” » 312 ,, =83°5°. 
Time-mark in seconds. All the curves read from left to right. 


become shorter, the respirations more frequent, so that typical Cheyne- 
Stokes’ respiration follows or, as already stated, the respiration may 
_ show no waxing or waning, Biot’s' respiration. The rectal temperature 
during this stage is 13° to 16°, the animal is inactive, its eyes are 
closed and it remains coiled up. The curve in Fig. 3 shows Cheyne- 
Stokes’ respiration, the curve 2 in Fig. 1 is an example of Biot’s 
respiration. 


1 Lyon médical, xxi. p. 517. 1876. 
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Sometimes there are slight tremors of the muscles of the body as in 
the case of the curve in Fig. 5, 
3. The next stage is one in which the periods of apnea Sot 


Fig. 2. Dormouse No.I, 1. Animal very quiet, 40 seconds later the rectal temperature 
was 16°4°. 2. The animal showed well-marked Cheyne-Stokes’ respiration and 
moved slightly during the periods of marked respiration, 7 minutes later the rectal 
temperature was 18:1°, Time-mark in seconds. 


very short and infrequent and continuous breathing begins. The 
dormouse is beginning to awake; its eyes are partly open and its rectal 
temperature is 16°—19°. The curves 3 Fig. 1, 2 Fig. 2 and 1 Fig. 4 
illustrate this stage. 


Fig. 8. Dormouse No. III. Well-marked Cheyne-Stokes’ respiration. The respiratory 
movements increase in force and then gradually die away into a slight quivering 
movement. Rectal temperature 5 a later was 16°. ‘Time-mark in seconds. 


4. The last type of respiration which it is possible to record by 
this simple method is one of continuous breathing often accompanied 
by marked shivering; the dormouse shakes with the violence of these 
contractions, which, numbering 6 to 10 per second, are superimposed 
upon the tracing of the respiratory movement. The animal is now 
almost wide awake, its rectal temperature is rising rapidly and at this 
stage is from 21°—29°, The dormouse begins to move about and thus 
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: it is impossible to continue the record of the respiration. This stage is 
| illustrated by curve 4 Fig. 1 and curves 2 and 8 Fig. 4; the rate of 
respiration is from 350 to 450 per minute 


Fig. 4. Dormouse No. I. 1. Beginning to awake. Rectal temperature 24 minutes 
later was 17°, 2. Marked shivering, rate of shivers about 10 per second. Rectal 
temperature was 21°, 8, Shivers are less marked. Rectal temperature, 29°5°. 
Time-mark in seconds, Temperature of air, 10°—12°. 7 


Fig. 5. Dormouse No. III. Dormouse quiet, but beginning to awake. The respirations 
are about 2 per second and occur in groups followed by periods of apnowa; during 
this stage there was a slight tremor of the muscles of the body, especially of the fore- 
limbs ; these involuntary contractions cause slight curves in the period of apnea and 
are superimposed upon the curves of the respirations immediately following, where 
the rate of contraction is seen to be about 10 per second. A minute or two later the 
respirations became continuous, and about 5 minutes later the rectal temperature of 
the dormouse was 15°; the temperature of the air was 11°. Time-mark in seconds. 


It is interesting to note that the rapid rise in the internal tempe- 
rature of the dormouse is associated with shivering. Such involuntary 
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muscular contractions are accompanied in other mammals, as Richet’, 
Léwy? and Pembrey’® have shown, by a rise in the temperature of the 
body and a great increase in the output’of carbon dioxide; in fact 
Léwy found that shivering in the human subject may increase the » 
respiratory. exchange by 90 °/,. 
Hale White‘ observed that the temperature of a dormouse Sciaben- 
ing from hibernation rose gradually until a point about 14° was reached, 
when the rapidity of the ascent was greatly increased. This observa- 
tion was confirmed by Pembrey and Hale White’, who found that 
the rise in temperature was associated with a great increase in the 
discharge of carbon dioxide. _ 
In the present research the same peculiarity was again observed 
in connection with the relation between the temperature and the 
respiratory movements of the animal.. The period of the greater rise 
in temperature was accompanied by great muscular activity or even 
violent shivering. The following figures show some of the results. 


No. of Rectal Time 
Dormouse 


temp. p.m. 

1,23 

12 1,34 

13 1,45 

I <( 162 28 
24 2.22 

83°5 3.12 

(118 3°32 

IV 13 3,48 
16 4,7 

122 4.25 

| 14°1 4.55 
24°5 5.25 

(127 12,47 

15 12.52 
21 1,10 


Torpid 
Inactive 
Inactive 
Awaking 
Awake, 
Active 

Torpid 
Inactive 
Inactive 
Torpid 
Inactive 


Awake, moves and 


vers 
Inactive 


and of 
ble uency Rate of rise 
A min. 
Tee iL B ot’s — 1° in 11 mins. 
tion, 20 per mi 


Il. Biot’s reapire- 1° in 11 mins. 
tion, 29 per min. 
Type Ill. 150 per min. 3°25° in 23 mins. 
continuous 


Type IV. 240 per min. 7°75° in 14 mins. 
continuous 

Animal too active for 95° in 50 mins. 
record 


I. Apnoea for 5 
Type I. I. Biot'’s respira- 1-2° in 11 mins. 


tion 
Type Il. Biot’s respira- 3° in 24 mins. 
tion, 120 per min. , 


gt Apnoea for 
Type Biot’s roepira- 1-9° in 80 mins. 
tion, 5 per min. 


Type IV. Continuous. 10°4° in 30 mins. 
300 per min. 3 


oh I. Biot’s respira- 


Eyes partly open Type "Il. Continuous, 2°3° in 5 mins. 


80 per min, 


Eyes open, mouse Type IVY. Continuous, 6° in 18 mins. 


Moves actively 


240 per min 


1 Compt. rend. soc, de biol. Paris, 1892, p. 896. 
_ * Arch. f. d. ges. Physiol., xuv. 8. 625. Bonn, 1889; and xnv1. 8. 189. 1890. 
% This Journal, xv. p. 401. 1893. 


§ This Journal, xix. p. 477. 1896. 


* This Journal, xu. p, 789. 1892. 
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TIL. Observations upon Hedgehogs. The hedgehogs (Erinaceus 
europeus) although kept in the same room as the dormice, showed 
a. less complete hibernation ; they awoke frequently, moved about their 
cage and took food. The temperature of the room, 10°—-12°, was 
probably not low enough to ensure longer periods of hibernation, The 
_ observations were also rendered the more difficult by marked changes 
in the tone of the orbicularis panniculi and other cutaneous muscles, 
by the action of which the animal coils itself up in a ball. The 
respiratory movements were recorded by fixing one or two of the 
spines, which moved most in respiration, to a vertical straw connected 
with a straw lever. Owing to the protection afforded by the sharp 
spines of the animal and to the strength of its cutaneous muscles, it 
-was difficult to obtain records of the rectal temperature. 

The hedgehog during its awakening from hibernation shows several 
types of respiration, but it differs considerably from the dormouse in 
its breathing. Besides changes in the frequency there are marked 
alterations in the depth of respiration; the hedgehog, when. it has 
been disturbed or is awakening naturally, gives from time to time a 
deep sighing respiration. It is possible to recognize four types of 
respiration. 

1. When the hedgehog is torpid and has been disturbed as little 
as possible, there are long periods of apnoea, lasting even several 
‘minutes and broken only by two or three deep respirations. The rectal 
temperature was from 10° to 16° during this stage. The curve in 
Fig. 6 illustrates this type of respiration. 


Fig. 6. Hedgehog No. I, The animal was quiet, but had moved once or twice. The 
rectal temperature was 16°5°; the temperature of the room was 12°, | in 
seconds. 

2. The periods of apnoa become shorter and the respirations 
more frequent and more regular, but of less depth. The hedgehog 
is inactive and its rectal temperature is above 12°. The nature of 
the respiratory movements caring this stage is shown m by curve 1 in 
Fig. 7. 
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3. At the end of the last stage the animal was forcibly uncoiled 
and its rectal temperature was observed. This procedure partly 


Fig. 7. Hedgehog No.1. 1. Animal quiet. Two minutes later the animal was forcibly — 
uncoiled and rectal temperature taken, 12°5°. 2. Animal breathing more deeply. 
Rectal temperature taken at the end of this curve=13°. Time-mark in seconds. 


awakes the hedgehog, but it remains quiet and coiled up; its respira- 
tions become more rapid, about thirty per minute, and are also 
deeper. The breathing is continuous. The rectal temperature begins 
to rise above 13°. This type of respiration is shown by curve 2 in 


Fig. 7. | 


4. The hedgehog is awake and may partly uncoil itself. Its 
rectal temperature is 33°—34° and it feels distinctly warm to the 


Fig. 8. Hedgehog No. I. 1, Animal from time to time gives a deep sighing respiration. 

Rectal temperature 8 minutes later was 38°. The animal was partly uncoiled during 
this record. 2. Respirations vary greatly in depth and frequency. Rectal tempera- 
ture 7 minutes before was 34°2°. Time-mark in seconds. 
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hand. The breathing is continuous and the type of respiration is 
peculiar; there are periods of rapid respirations, two or three per 
second, and from time to time single deep respirations, accompanied 
by an audible sighing noise. Such a deep respiration may last three 
seconds, This stage is well shown in the curves in Fig. 8. Some- 
times at the beginning of this stage tremors are observed (curves 1 and 
2, Fig. 9). 


Fig. 9. 1. Hedgehog No. If. The animal had been forcibly awakened before the record 
was commenced. Temperature of the air 10°—12°. Time-mark in seconds. 
2. Hedgehog No. I. Animal quiet, but shows signs of awakening. Temperature 
of the air 10°—12°. Time-mark in seconds. On both of the curves of respiration 
small secondary curves due to tremors are to be seen. Attempts to take the rectal 
temperature were unsuccessful. 


The great difficulty i in the experiments on the bateiien was the 
determination of the rectal temperature. The force necessary to uncoil 
the animal often aroused it so much that its respirations became more 
frequent and of a type more advanced than that characteristic of its 
temperature at the time. 


IV. Observations upon a Marmot and a Bat. These hibernating 
animals also show a marked relation between their temperature and 
respiratory movements, but, owing to other experiments upon the 
respiratory exchange during hibernation, it has been possible to obtain 
only a few graphic records, This deficiency is the less important owing 
to the fact that the respiratory movements of the marmot have been 
graphically recorded by Valentin, Dubois and Patrizi. We are 
couvineed, however, that there are several types in the respiration of 
the marmot which are unrecorded by these observers. 

In the bat the types of respiration somewhat resemble those seen in 
the dormice: of these we give two examples. Curve 1 of Fig. 10 
shows the respiratory movements of the bat when it was very inactive, 
but not in a condition of marked torpidity; the respirations are 
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irregular and have a frequency of about 60 per minute; the rectal 
temperature was 13°—15°. The second curve was taken upon the 
same animal when it was awake and about a minute before it flew 


away from the recording lever; the respirations are regular and have 


_@ frequency of about 180 per minute; the rectal temperature was 


about 30°. 


Fig. 10. Bat. 1. Animal very inactive. Rectal temperature was 13°—15°. 2. Animal 
active and at end of this tracing flew away. When the bat was caught 15 minutes 
later its rectal temperature was 34°. ee 


The further observations we might make upon the respiration in 
the marmot and bat are reserved until a series of graphic records can 
be obtained during another winter. 


V. Work of Previous Observers. The only graphic records of the 
respiratory movements of hibernating animals, which we have been 
able to find in the literature of hibernation, are those of Valentin, 
Dubois, and Patrizi? who made observations upon marmots. There 
are, however, many references to the variations in the frequency and 
the nature of the breathing in hibernating animals. These, however, 
were mostly made before the introduction of the graphic method and 
are therefore naturally incomplete. 

The first exact observations upon the variations in the respiration 
of hibernating mammals in relation to their activity and temperature 
appear to be those of Mangili and Saissy; next in order are those 
of Edwards and of Marshall Hall, who observed the “deep and 


1 The original paper, **Contributo allo studio dei movementi respiratorii negli 
ibernanti, Nota critica experimentale,” we have been unable to obtain at present. 
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sonorous inspiration” of the hedgehog when it is aroused. Valentin 
published numerous papers upon the marmot and recorded graphically 
the respiratory movements of that animal; the curves, however, only 
show the irregular breathing and several types of the characteristic 
respiration are not represented. | 

The .next important contribution is that of Horvath, who made 
many observations upon the spermophiles. Mosso noticed that the type 
of breathing known as “ Cheyne-Stokes respiration ” was normal in the 
hibernating dormouse. 

The general conclusion of all these observers is that the respiratory 
movements become fewer and more irregular as the animal passes into 
a condition of torpidity. 

_ Recently Dubois has published a valuable monograph upon the 
marmot, in which he gives many tracings of the respiratory movements 
and records the deep sighing respiration which the marmot gives when 
it is disturbed or is awaking naturally. There is no typical Cheyne- 
Stokes respiration such as that seen in the hibernating dormouse. 
Patrizi criticises some of Dubois’ results and maintains that some 
of the types of respiration have not been recorded. We have also 
noticed the absence of several typical forms of respiration, but any 
criticisms we might make must be reserved until we have obtained 
‘@ series of tracings upon the marmot under various conditions. 


VI. Conclusions. There is a relation between the internal tempe- 
rature and the nature of the respiratory movements of hibernating 
dormice, hedgehogs, marmots and bats. Four distinct types of be eae 
tion may be described :— 

(i) In the torpid animal with a Senanecktiare below 12° there are 
long periods of apnoea mene several minutes and broken only by a few 
respirations. 

(ii) In the inactive animal with its temperature rising above 13° 
the periods of apnoea become shorter and the respiration of Biot’s type 
with a sudden commencement and cessation of breathing, or of the 
Cheyne-Stokes type with a gradual waxing and waning. 

(iii) The animal is beginning to awake and its temperature is 
about 16°, the periods of apnoea are very short and infrequent; the 
respiration becomes continuous. | 

(iv) The animal is awake ; the respiration is continuous, very rapid 
and accom panied by slight tremors or marked shivering. The rectal 
_ temperature is rising rapidly and is above 20°. | 
The above stages refer especially to the dormouse. In the hedgehog 
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there are in stage (iv) a short series of rapid respirations often followed 
by a single deep sighing respiration. This is also observed in the 
marmot. 

These types of respiration are observed in animals upon which no 
operation has been performed. The animal was awaking naturally or 
had been disturbed by the observation of its rectal temperature. 

Cheyne-Stokes’ respiration and the modification described by Biot 
are normal in some of the stages of hibernation. The former type 
is generally seen when the dormouse is less torpid and with a higher 
temperature than in those cases when the latter type obtains. The 
latter, however, may gradually pass into the former. 

Marked disturbance of the hibernating animal causes the respiration 
to pass more rapidly to the continuous type of breathing, even in 
advance of the temperature characteristic of that stage. The heat of 
the body is, however, in such cases rising more rapidly. 

The period of most rapid rise in temperature is associated with 
tremors of the body, or even with violent shivering. 

The different types of respiration are accompanied by differences in 
the respiratory exchange ; but upon this, and other points, further 
experiments are in progress. 
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THE GLOMERULAR FUNCTIONS OF THE KIDNEY. 
By ERNEST H. STARLING. (Four Figures in Text.) 


(From the Physiological Laboratory, Guy's Hospital.) 


Ir is generally assumed as the best explanation of known facts with 
regard to the secretion of urine, that a watery exudation free from 
proteid is formed in the glomeruli, and that this becomes concentrated 
on its way through the tubules, either by the absorption of water and 
certain salts (Ludwig), or by the secretion of urea, uric acid, &., as 
well as such salts as acid phosphates (Bowman, Heidenhain). As to 
the nature of the glomerular functions, two opinions have been held. 
According to the Ludwig school, the process is one simply of filtration, 
in which, under the pressure of the blood in the glomerular capillaries, 
the watery and crystalloid constituents of the plasma are filtered 
through the glomerular epithelium, leaving behind the proteid con- 
stituents. According to Heidenhain, the process cannot be looked 
upon as simply one of filtration, but involves the secretory activity 
of the glomerular endothelium. 

Heidenhain’s main argument against the filtration theory, viz. 
the effects of ligature of the renal vein, cannot be looked upon as 
decisive, as it is quite possible that the swelling of the veins so 
produced causes a mechanical stoppage of the urinary flow by pressing 
on the tubules. The experiments described in this paper are directed 
to testing more exactly the probability of the filtration hypothesis. 

_ If the glomerular urine is a filtrate it must resemble blood-plasma 
in practically all particulars except proteids, since the blood-pressure, 
which is the only force causing filtration, is too small to effect any 
appreciable separation of salts. Is the difference of pressure on the 
two sides of the glomerular epithelium adequate to effect a separation 
of the colloid constituents? To decide this question we must be able 
to determine the osmotic pressure of the colloids of the blood-plasma. 
Tammann has endeavoured to ascertain this amount by determining 
the freezing-point of blood-serum before and after the separation of its 
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proteid constituents by heat coagulation. He finds in this way that 
the depressions of freezing-point before and after separation of the 
proteids differ only by 006°C.—a figure almost within the errors of 
observation. This depression corresponds to an osmotic pressure of 
54 mm. Hg., but of this amount, Tammann ascribes 48 mm. Hg. to the 
CO, driven off in the heating, leaving only 6 mm. Hg. as the osmotic 
pressure of the proteids. It is evident that a figure obtained in this 
manner is quite worthless, In a previous paper’ I showed that by 
using a membrane of calf’s peritoneum soaked with gelatin one could 
obtain the osmotic pressure of the serum proteids directly, and I con- 
cluded that. this amounted to from 30 to 40 mm. Hg. 

Since the publication of these results I have spent a considerable 
time in endeavouring to perfect a method for the direct determination 
of the osmotic pressure of colloid solutions generally. There are a 
number of factors which render this determination difficult. In the 
first place, the membrane must be tenacious, impermeable to colloids, 
and not subject to deterioration in the course of an observation 
extending over 2 or 3 weeks. In the second place, whatever salt solutions 
are used with the osmometer as an outer fluid, we have to reckon with 
the initial osmosis*. In consequence of differences in diffusibility of the 
salts on the two sides of the membrane, passage of water takes place 
towards the side containing the less diffusible salt, and it is only after the 
salts on the two sides have become identical by diffusion that the true 
osmotic pressure of the proteids comes into play. This second difficulty 
can be reduced by keeping the fluids on the two sides of the membrane 
in a state of agitation, and increasing so far as possible the ratio of the 
membrane surface to the bulk of the two fluids. A still more important 
means is to start with the salts already in equilibrium on the two sides 
of the membrane by using, not a definite salt solution of known strength, 
but a salt solution obtained by filtering the colloid solution through a 
colloid membrane (Martin’s method*). Even this last precaution is 
not sufficient for all colloid solutions. In the case of serum, the fluid | 
which is obtained on filtering the serum through a membrane of gelatin 
under a high pressure has, approximately, within },°C., the same 
freezing point as the original serum, and in the osmometer appears 
to be identical with the serum in all _— except the proteids ; -*, 


1 This Journal, xrx. p. 312. 1896... 
QGazarus Barlow, This Journal, P- 140, and Starling, 
April, 1896. 

3 This Journal, xx. p. 364, 
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in this case the initial osmosis factor has been got rid of. With some 
solutions, however, it seems that certain of the constituents are hurried 
through the colloid membrane at a greater pace than others which are 
less diffusible. Thus I have found it impossible to obtain a filtrate 
_ from a solution of casein which did not give rise to initial osmotic 
phenomena when tested in the osmometer against the original solution. 
It seems probable that, in this case, the last traces of fat or soaps, 
which adhere with such extreme tenacity to the casein, lag behind the 
more diffusible molecules, when filtered through a gelatin membrane ; 
so that the osmotic pressure of the residue is greater than that of the 
filtrate in respect of the amounts, firstly, the casein which is constant, 
and secondly, the soaps. The total osmotic pressure therefore in the 
osmometer first rises to a maximum, and then gradually decreases 
as the soaps slowly diffuse out through the membrane. Even after 
two or three weeks I could not be certain of obtaining a constant end 
result with this substance, although I used casein which had been 
extracted for a week in Soxhlet’s apparatus. 

I will now describe the method adopted for the determination of 
the osmotic pressure of the serum proteids, 150 c.c. of clear filtered 
serum is filtered under a pressure of 30 to 40 atmospheres through 
a porous cell, which has been previously soaked with gelatin. At the 
end of 24 hours about 75 c.c. of a clear, colourless filtrate is obtained 
perfectly free from all traces of proteid. This filtrate has practically 
the same freezing-point as the original serum, provided that the first few 
drops of the filtrate which are contaminated with the water permeating 
the gelatin have been discarded. Of course the proteids contained in 
the serum, if they have an osmotic pressure, must cause some depression 
of the freezing-point, but a pressure of 45 mm. Hg. would correspond 
only to 005° C., which is within my error of observation. The concen- 
trated serum left behind in the filter was then put into the osmometer, 
the filtrate being used as the inner fluid. 

The construction of the osmometer will be readily seen from the 
accompanying diagram. 

The tube BB is made of silver gauze connected at each end to a 
tube of solid silver. Round the gauze is wrapped a piece of peritoneal 
membrane (as in making a cigarette). This is painted all over with a 
solution of gelatin (10°/,) and then a second layer of membrane applied. 
Fine thread is now twisted many times round the tube to prevent any 
disturbance of the membranes, and the whole tube is soaked for half-an- 
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hour in a warm solution of gelatin. In this way one obtains an even 
layer of gelatin between two layers of peritoneal membrane, and 
supported by the wire-gauze. This tube so prepared is placed within 


D 


a wide tube AA, which is provided with two tubules at the top. One 
of these OQ is for filling the outer tube, the other is fitted with a 
mercurial manometer M. Two small reservoirs CC are connected with 
the outer ends of BB by means of rubber tubes. The whole apparatus 
is placed in a wooden cradle DD pivoted at X, and provided with 
a cover, so that it may be filled with fluids at different temperatures if 
necessary. The colloid solution is placed in AA, and the reservoirs CC 
and inner tube BB are filled with a salt solution approximately or 
absolutely isotonic with the colloid solution. The apparatus is then 
made to rock continuously for days or weeks by means of a water motor. 
(The two reservoirs CC are corked, and connected by means of a tube, 
in order to avoid evaporation.) In this way the fluid on the two sides 
of the membrane is continually renewed, and the attainment of an 
osmotic equilibrium facilitated. 

' I may give here two experiments on the determination of the 
osmotic pressure of the serum proteids. 


Exp. 1. Two specimens of serum A and B, and another of serum con- 
centrated by immersion in it of gelatin, are started in the osmometers against 
1 °/, NaCl solution. 

Pressures. After] day. A=28mm. B=29mm. C= 45mm. 

After 6 days) A=28mm. B=27mm,. C= 44mm, 
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_ At the end of the experiment the inner fluid in A contained 1-1 °/, total 
solids, | 
Serum A contained 7°5 °/, total solids. 
Serum B (not analysed, but presumably same as 4). 
Serum C contained 11°6 total solids (= 10°4°/, colloids). 
Thus each 1 °/, colloid content raises the osmotic pressure of the solution — 
by about 4 mm. Hg. | 
The average temp. of the laboratory during the experiment was 16° C. 


In the following experiments the serum was filtered through a 
gelatinised cell, and the osmotic pressure of the colloids determined by 
osmosing the residue against the proteid free filtrate, 


Exp. 2. After 1 day. Manometer risen to 44mm. Hg. 

»» days. at 40 mm. Hg. 

days. at 40 mm. Hg. 
Total solids of serum = 12:1°/,. Total solids of filtrate = 1:1°/,. 
Therefore 11 °/, colloids gave a pressure of 40 mm. Hg. 


Exp. 3. The serum was mixed with 2°/, NaF to prevent any bacterial 
changes, and filtered in Martin’s filter. The residue was then placed in one 
osmometer (A) against the filtrate, while in the second osmometer (B) the 
serum was diluted with some of the filtrate. 

A, Serum contained 13'2°/, total solids, Filtrate contained 2°0°/,. 

Therefore colloidal contents of serum = 11°2°/,. 
Exp. started March 27. After 1 day. Pressure = 45 mm. 
»» 2 days. » = 45 mm. 
Hence 11:2 °/, colloids had an osmotic pressure of 45 mm. Hg. 
B. Diluted serum contained 8°4°/, total solids, 6-4 °/, colloids. 
Osmotic pressure after two days = 19 mm. Hg. 
(In this case the filtrate at the end of the experiment contained ; a faint 


trace of protéid, showing that the membrane was not quite impermeable to 
colloids, ) 


We must conclude therefore that the colloids in blood-serum 
containing from 7 to 8°/, proteids, will amount to 25—30 mm. Hg. 
If then the glomerular epithelium is simply a filtering membrane 
impermeable to the blood-colloids, and so resembling a membrane of 
gelatin, the minimum pressure that will cause transudation of proteid — 
free fluid into Bowman’s capsule must be something over 30 mm. 
Hg.—say, about 40 mm. Hg. Now this figure corresponds to the 
blood-pressure, which has been regarded by all observers as the smallest 
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possible pressure at which any urinary secretion can occur; and corre- 
sponds also to the difference between the blood-pressure and ureter- 
pressure, which is observed when the ureter is connected to a manometer, 
so as to hinder the urinary flow. Schréder’ obtained a secretion of 
urine in a rabbit after injection of caffein, with a blood-pressure of only 
40—50 mm. Hg. (chloral narcosis), In an experiment made to deter- 
mine the maximum secretion-pressure of the urine I observed a pressure 
considerably higher than had been found in previous experiments. 


Dog, 7 kilos. At beginning of experiment arterial pressure = 115 mm. Hg., 
urinary secretion = 8c.c,in 10 mins, 3-5 c.c. of a 25°/, solution of diuretin 
were then injected subcutaneously. During the next 10 mins, 14 c.c. of urine 
were secreted, the arterial pressure being 138 mm.Hg. The two ureters were 
then connected by a Y tube with a mercurial manometer. The following table 
represents the pressures in the carotid artery and in the ureters. 


Arterial pressure Ureter pressure 
Time in mm. Hg in ‘ime: Hg. 
2.30 115 (8 c.c. urine in 10 mins.) 


At 2.33 injected 2:5 c.c. of 25°/, diuretin into 
peritoneum and 1 c.c. more at 2.35, 


2.45 144 (14c.e. urine in 10 mins.) 


50 140 71—73 
3.0 132 82—90 
10 127 85—95 
128 86—94 
30 138 92—94 
40 133. —92. 


The blood serum obtained at the end of the exp. contained 6°7°/, total 
solids, 


We see therefore that the secretion of urine ceases when the blood- 
pressure in the glomeruli approaches the osmotic pressure of the 
serum-proteids. This fact affords an a priori argument in favour of 
the view that the process occurring in the glomeruli is one of filtration. 
I have endeavoured to further test this hypothesis by studying the 
mechanism of the diuresis produced by injections of normal saline and 
of strong salt and sugar (dextrose) solutions, If the glomerular function 
is a mere filtration we should expect that the more rapid the process 


_ the more nearly would the urine, which is turned out into the ureters 


resemble in composition, reaction and osmotic pressure the blood-plasma, 
since the glomerular filtrate hurried through the tubules would have 


1 Arch. f. exp. Path. u. Pharm. xxu1. p. 39. 1887. 
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very little time to undergo any changes resulting in its concentration. 
If, on the other hand, the diuresis produced by salt and sugar solutions 
is. to be ascribed to a stimulation of the renal epithelium, we should 
expect the differences between blood-plasma and serum to be greatest 
at the height of the diuresis, when the specific stimulant is present in 
the blood in largest amounts. 

The following experiment shows that the more rapid the secretion 


of urine, the more closely does its osmotic pressure approximate that of 
the blood-plasma. 


Aug. 21, 1894. Bitch, 9 kilos, Morphia and a.c.£. 
7 Rate of A. of 7 j 
Time Urine flow urine A. of blood serum 
11.30—12.0 . 10 cc. 3°3 2-360 625 (at 12.0) 


From 12.0 to 12.7 injected 40 grams dextrose in 40 c.c. water 


into jugular vein. 
12.7 19,15 35 45 1-210 
12.16—12.20 20 c.c. 50 0°975 ‘700 (at 12.16) 
12.20—12.30 .52 52 0835 
12.30—12.40 45 45 0°825 ‘700 (at 12.30 
12.40—12.50 22 c.c. 22 0°830 675 (at 12°40 
675 tat’ 12.50 


About 60 c.c. of blood were withdrawn at each bleeding in order to obtain 
sufficient serum for the freezing-point determinations. 


With regard to the reaction of urine, it has been shown by 
Riidel' that the more rapid the diuresis, however produced, the less 
marked is the acid reaction of the urine, which may indeed become 
neutral or even slightly alkaline. 

The next point we have to consider is whether the mechanical 
changes, induced in the kidney by the injection of sugar and salt 
solutions, are sufficient to account for the diuresis. There are three 
factors which might be concerned in promoting an increased glomerular 
transudation. These are, (1) a rise of pressure in the glomerular 
capillaries, (2) quicker blood-flow through the capillaries, (3) diminished 
amount of proteids in the blood-plasma. It was shown by von 
Limbeck that the diuretic action of various salts was proportional 
to their attraction for water, 1.¢., to their osmotic pressure, and the same 


1 Archiv f. exp. Path. u. Pharm. xxx. p. 41. 1896. 
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was found by Heidenhain to hold good for their action on lymph. I 
showed that, in the latter case, the action of these bodies was due entirely 
to the hydremic plethora which was produced by their injection into 
the blood. The increased lymph-flow was proportional to the hydremic 
plethora, ceased when the plethora came to an end, and could be 
prevented by previously bleeding the animal to such an extent that 
the water attracted by the salts from the tissues only served to bring 
up the volume of circtlating fluid to its normal amount. I have made 
a number of experiments in order to see whether the same explanation 
might not hold good for the diuretic action of these bodies. It will be 
seen that, although in some experiments with sodium chloride and with 
normal salt solution, the diuresis was coterminous with the plethora, in 


4 


180 oe? 
1 Haemoglobin} p.c. 
110 of 


] 
Dog 7 kilos 
InjJ40 grs.dextrose 
in 40 cc. H,O. 
80 
t 
70 
4 


Urine 


i0 30. 40 50 60 70 80 90 100 110 190 130 Minutes 
Fig. 2. Curves showing effect of injection of dextrose on blood volume and urinary 
secretion. Upper curve = percentage of hmwmoglobin. Lower curve =c.cm. of urine 
in 10 mins. Injection from 20 to 25 mins. At 55 mins. the urinary secretion is still 
— 60.c.cm. per 10 mins, although the volume of the blood has returned to normal. 
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some cases after the injection of NaCl, and in all cases after the injection 
of dextrose, the diuresis outlasted the plethora, and resulted in a con- 
siderable concentration of the blood, and therefore a diminution of the 
volume of the circulating fluid. 

These results are evident from the diagram Fig. 2, which embodies — 
the results of the experiments contained in the protocols at the end of 
the paper. 

It is evident therefore that there is some local influence at work in 
the kidneys themselves, producing the increased flow of urine. This 
influence may be on the blood vessels causing an active dilation, and 
hence increasing pressure in and flow through the glomerular capillaries 
or it may be a direct stimulating effect on the kidney-cells. It becomes 
necessary to determine the relation between the diuresis and the 
swelling of the kidney, which we know from the work of Roy and 
Cohnheim to be the result of the injection of saline diuretics. For 
this purpose, I have carried out experiments in the following ways. 
Cannule having been inserted in both ureters, one carotid artery 
connected with the mercurial manometer, the other carotid artery 
provided with a cannula for bleeding, and a jugular vein prepared 
for the injection of fluids, the dog was turned over on to its belly, and 
the right kidney placed in a Roy’s oncometer. The oncometer was 
_ filled with oil, and connected by an india-rubber tube containing air to 
a piston recorder. In some experiments the sugar or salt solution was 
injected into the jugular vein, and the effect on the secretion of urine, 
the kidney-volume and the blood-pressure recorded during the suc- 
ceeding two hours. The changes in volume of the blood during this 
time were determined by bleeding at intervals before and after the 
injection, and estimating the amount of hemoglobin in the blood, the — 
blood obtained at the beginning of the experiments being taken as 
the standard. The hemoglobinometer used was Gallenkamp’s colori- 
meter, which allows of a very rapid determination of the relative 
amounts of hemoglobin in the solutions (one of blood to 250 of water), 
with an error amounting to less than 1°/, These results are embodied 
in Fig. 3, the protocols being given at the end of the paper. 

It will be seen that in all cases the flow of urine is proportional to 
the swelling of the kidney. When the kidney-volume returns to its 
normal limit, the diuresis also comes to an end. If now this mechanical 
change in the circulation through the kidney is solely responsible for 
the increased flow of urine, we ought, by preventing this change, to be 
able to stop at the same time the diuretic effects of the injection. 
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_ To this end I modified the experiments in the following way. 
While my assistant controlled the inflow of the dextrose solution, I 


Haemoglobin 
Percent. 


idney Volume |. 


-—"10~—0SC«* 50 7 80 90 100 110 120 130 140 150 


Fig. 8, Effects of injection of 30 grams dextrose. 


The figures on the ordinates represent (1) mm. Hg arterial pressure (upper line), (2) per- 
centage of heamoglobin compared with normal (2nd line), (3) volume of kidney, in 
millimetres excursion of oncometer lever (i.¢. an arbitrary scale), (4) amount of urine 
secreted during 10 mins. (lowest line). 

The figures along the abscissa represent minutes from commencement of observation. 

into vein. 


140 Art. BP. mm. Hg 

110 = — 
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allowed blood to escape from the carotid artery, so as to prevent any 
rise of the oncometer lever. The results of these experiments are given 
in Fig. 4, and in the protocols. 


+ 
\ 


+ 


An \ 
\ 
0 190 120 


Fig. 4. Showing effects of injection of strong solution of dextrose (from 40 to 45 mins. 
between the two crosses) on blood, kidney volume, and urinary flow. 

Of the two upper lines the continuous one represents the arterial blood-pressure, the 
discontinuous line the relative percentage of hemoglobin in the blood. The double 


line represents the same Sit aieaes while the lowest line shows the rate of urinary 
flow. 


It will be seen that during, and for a short period after, the injection 
of the sugar, the kidney-volume remained constant, although so much 
blood had to be withdrawn to effect this, that the blood-pressure sank 
considerably below its previous amount. The blood, as might be 
expected, became very dilute and had not nearly recovered its normal 
composition by the end of the experiments. Some time after the end 
of the injection the kidney began to shrink in consequence of the fall 
of blood-pressure, as the sugar gradually escaped into the tissues, At 
no time, either during or after the injection of sugar, was the urinary 
flow appreciably increased. Here then we find a complete parallelism 
between the volume of the kidney and the secretion of urine. The 
volume of the kidney is determined by the state of its blood vessels 
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and the general blood-pressure. Since we can abolish the diuresis 
produced by the injection of sugar by nullifying the effect of the sugar 
on the circulation through the kidney, we have considerable grounds for 
concluding that the diuresis is not a direct result of a stimulus applied 
to the kidney-cells, but is due to the changes occurring in the circulation 
through the kidney. 

The diuresis therefore which is produced by the injection of 
crystalloid substances into the blood-stream may be a resultant of 
two factors, (1) the hydremic plethora, and consequent rise in the 
pressure and velocity of blood in the kidneys, (2) a direct dilator effect 
of the injected substance on the renal biood vessels. 

That the diuresis is not due to a stimulating effect of the sugar, e.g. 
on the kidney-cells, is rendered probable by the fact that it ceases long 
before the excretion of the injected substance comes to an end. In all 
the experiments recorded the urine obtained at the end of the experi- 
ments after the injection of sugar was loaded with this substance. 


CONCLUSION. 


The results given in this paper show that, so far as experimental 
evidence goes, the glomerular epithelium may be looked upon as a 
simple filtering membrane resembling in many particulars a membrane 
of gelatin, The osmotic pressure of the proteids of the plasma is about 
25—30 mm. Hg. When the pressure in the glomerular capillaries rises 
above this point, filtration takes place through the glomerular epi- 
thelium, the filtrate representing simply plasma minus proteid. The 
higher the pressure in the — capillaries, the more rapidly — 
would this process go on. 


PROTOCOLS. 


I, Injection of dextrose. Measurement of urinary secretion and of hmmoglobin in 
blood. 
Sept. 9, 1897. Dog (wt. at end of exp. 6800 kilos), A.O.E. and morphia. Cannule 
in both ureters, in femoral artery and in jugular vein. | 


Time Urine Heemoglobin in blood 

100°/, (at 11.45) 

12,10—20 5°5 c.c. 100 ,, (at 12.15) 
20—30 55 ,, 


30—35 Injected 40 grams dextrose in 40 c.c. water into jugular vein. 
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35—45 44c.c. (at 12.36) 
45—55 72 ,, 87,, (at 12.50)) | These two determinations 
55—1.5 68 ,, 87 ,,. (a6 1.0) unreliable, 
1,5—15 108 ,, (at 1.10) 
15—25 46 ,, 114,, (at 1.20) 
25—35 34 ., 
35—45 18 ,, 
45—55 19 ,, 
55—2.5 
2.5—25 (20’) 185 ,, (at 2.10) 


_ This experiment proves that the diminution continues after the hydramic plethora 
has come to an end, and causes a considerable concentration of the blood. 


II, Bleeding to 300 c.c. and subsequent injection of 20 grams dextrose, 
Bitch, 8 kilos. Morphia and A.C.E. Bled to 800 c.c. before the injection of 20 grams 


dextrose, 

Urine 

is a7 a8 2 22 44 85 85 115 15 75 15 66 44 85 85 

100 10 68 69 78 92 105 110 
1 Bled to 800 c.c. 2 Injection of grams dextrose in 50 c.c, water. 


In this exp, in spite of the loss of blood, which would in itself cause a considerable 


hydrwmia, the diuretic effects of the dextrose succeeded in producing an actual increase 
in blood concentration above normal. 


Ill. Bitch. “Morphis and Right kidney in onco- 
meter. Bight carotid to Hg manometer. Left carotid for bleeding. Right facial vein 


Urine in 10 mins. 
Time R. kidney L, kidney Vol. of R. kidney Blood-pressure 
11,50—12.0 5°5 ¢.c. 10 c.c. 
12,40—50 4°5 ,, +12 (at 12.50) 156 mm.Hg 
{+18 (at 1.5) ,, 
+22 (at 1.10) 


1.10—1.15 Inj. 20 grams dextrose 
1.15—25 83 +60 (at115) ,, 
+60 (at1.17) ,, 
+70 (at 1.20) mW, 


45—55 165, 18, +44 (at1.47) ,, 

55—2.5 i. «. 

2,5—15 65 ,, 

15—25 65 ,, 5, +14 (062.15) 166 __,, 

25—35 55 ,, 

85 —45 45, 865» {+18 (063.85) 168 __,, 
+15 (at 2.45) 155, 
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volume. 


Bitch, about 8 kilos. A.C.E. and morphia. Cannulm in both ureters. Right kidney 
in oncometer. Right carotid to Hg manometer. Left carotid for bleeding. Right ex- 


ternal jugular for injection. 


Time 
11,50—12,0 
12,0 —10 

10—20 
20—30 


85—50 (15’) 
50—60 


1,0—1.10 
10—20 
20—80 

—80—40 
40—50 


Urine | 
Right pressure 


8°5 


12,82—35 Injected 20 grams dextrose in 30 c.c/ water and bled during this time and — 
subsequent three minutes to 300 c.c. 

5 6.0. las. 


4°5 


,, 


4°0 


3 
20 
1°6 
16 
0°9 
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IV. Injection of dextrose, with simultaneous bleeding to prevent increase of kidney 


volume 
104mm.Hg — 
104 


60 
67 
74 


78 


100 °/, 


74%, 
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ON THE MODIFICATIONS OF THE METABOLISM 
PRODUCED BY THE ADMINISTRATION OF DIPH- 
THERIA TOXINE. By D. NOEL PATON, MD., FRCP. 
Ed., BSc. JAMES CRAUFURD DUNLOP, MD., F.R.CP. 


_Ed., AND EBON MACADAM, F.RS.E. (One Figure in 
Text.) 


(From the Research Laboratory of the Royal College of Physicians, 
) 


L PRELIMINARY. 


IT is now almost universally. admitted that a high temperature is not 
an essential part of infective febrile processes, but that it, like the 
_ other symptoms, is one of the results of the toxic action of the products 
of micro-organisms, and that it is caused in the first instance by 
diminished heat elimination. In the later stages of some fevers 
increased heat production undoubtedly plays a part. 

A vast number of observations on the influence of these infective 
processes on the economy have been recorded, but a study of such 
a work as von Noorden’s Pathologie des Stoffwechsels, shows how 
much yet remains to be investigated before we can comprehend the 
modifications in the chemical processes in the body induced by these 
conditions. 

In attempting to gain a knowledge of such changes we have to 
depend largely on the study of the alterations in the excretions—in the 
expired air and in the urine. 

So far the study of the respired air has yielded more constant and 
conclusive results than the examination of the urine. For in the case 
of the latter excretion, when we come to compare the many different. 
observations which have been recorded, the discrepancies which manifest 
themselves are so evident that it is difficult to draw any satisfactory 
conclusions. 

It appeared to us that a careful and systematic study of the = 
PH. XXIV. 23 
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of an infective fever, not merely on one or two, but upon all the 
important urinary constituents, should assist in the explanation of 
these discrepancies, and that the comparison of the changes in the 
several constituents with one another should afford data from which a 
more satisfactory conception of the modifications in the metabolism 
might be drawn. 

_ At the same time, it seemed probable that such a systematic study 
of the influence of a powerful toxic agent upon the metabolism would 
throw light upon the inter-relations of the various processes by which 
the urinary constituents are produced. 


II. Scope oF THE ENQUIRY. 


With these objects in view we have investigated the influence of 
fever on the following :— 

1. The total excretion of nitrogen. 

2. The excretion of nitrogen not precipitated by phospho-tungstic 
acid. (Urea nitrogen of Bohland.) 

3. The excretion of nitrogen as preformed ammonia. 

4. The excretion of uric acid nitrogen (in one experiment). 

5. The excretion of nitrogen precipitated by phospho-tungstic acid 
(nitrogen not in urea), determined by the difference between 1 and 2. 

6. The excretion of phosphoric acid. 

7. The excretion of sulphur, both as sulphates and as neutral 
sulphur. 

8. The excretion of chlorides. 

9. The excretion of sodium and potassium. 


IIL. GENERAL METHOD OF PROCEDURE. 


Method of producing fever. In the experimental study of the 
influence of fever Von Noorden and others have used the injection of 
tuberculin on tubercular subjects. It seemed to us desirable to be able 
to compare the febrile state with the normal condition, and not with 
such a pathological state as tuberculosis. For the production of a short 
sharp attack of an infective fever diphtheria toxine appeared to us 
eminently suitable, since its action can be so accurately controlled by 
the use of antitoxine. In using this antitoxine it was of course necessary 
to ascertain whether it had any influence on the metabolism, and this 
was done in one of our experiments. | 
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Dogs employed. For such experiments it was impossible to use 
the human subject. Dogs were consequently employed. These 
animals have the advantage of resembling the human subject in many 
points in their metabolism, though—as is well known—they show 
certain striking differences. They have the advantage of being easily 
kept upon a fixed diet, of being of suitable size to yield a sufficient 
quantity of urine for analysis, and of allowing a satisfactory collection 
of the urine and fmces to be made without any great difficulty. They 
also react well to the diphtheria toxine. 

The plan of the experiments was to put the animal on a fixed diet 
for several days, until it reached a condition of nitrogenous balance, to 


then subject it to a one day’s fast, and again to put it for three days on 


the same diet. At the end of this period a dose of diphtheria toxine 
sufficient to cause a rise of temperature was administered hypodermi- 
cally, and the animal fasted on the succeeding day. The metabolism 
in the febrile state could thus be directly compared with the metabolism 
in simple starvation. The dog was then again put upon the same 
diet for some days. In the first experiment the febrile day preceded 
the fasting day. The toxine was kindly supplied to us by Dr Sims 
Woodhead, 

Diet. The animal was fed on porridge made of weighed quantities 
of Indian meal in the first, second, and third experiments, and of oat- 
meal in the fourth experiment, with measured quantities of milk. 
In the second experiment a weighed quantity of liver was added to 
the food. 

Collection of Urine. Female dogs were used, and before the ex- 
periment the animal was anwsthetised, the perineum was split, and 
the mucous membrane stitched to the skin so as to expose the urethral 
orifice and to allow of easy catheterization. In the first experiment 
the dog was catheterized at 10 a.m., at 1 p.m.,and at 6pm. In the 
second and third experiment it was catheterized at 10 am., and at 
6 p.m., and in the fourth experiment if was catheterized at 10 a.m. only. 
The rest of the urine was collected by keeping the dog in a zinc cage 
with sloping floor terminating in a hole. The dog slept on a smooth 
board, but passed its urine on the floor of the cage, which was kept 
scrupulously clean. The urine was collected in a vessel placed below 
the cage. 3 

Collection of feces. The feces in the first three experiments were 
formed, In the. last experiment they were softer. In all the ex- 
periments they were removed from the cage as soon after they were 
23—2 
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passed as possible, and in no case did they become mixed with urine. 
They were dried with sulphuric acid in the usual way and preserved 
for analysis. 


IV. CHEMICAL METHODS. 


For the estimation of nitrogen in its’ various combinations 
J.C. Dunlop is responsible. For the estimation of chlorine, sulphur, _ 
and phosphorus D. Noél Paton is responsible. The determinate of 
sodium and potassium was carried out by Ivison Macadam. 

A. Urine. The urine was measured, diluted to a convenient 
volume and filtered. A sample was preserved in a cléan stoppered 
bottle, so that when necessary any analysis could be repeated. The © 
specific gravity and reaction were noted. 

The total nitrogen was estimated by Argutinsky’s modification of 
Kjeldahl’s method. Two analyoes of each sample were made, and the 
mean taken. 

The nitrogen in urea was estimated by Bohland’s method, the 
nitrogen not as urea being precipitated by phospho-tungstic acid. — 

The nitrogen not in urea was determined by the difference between 
the total nitrogen and the urea nitrogen. 

The preformed ammonia was estimated by ‘Scbldssing’ s method, 
25 c.c. being used. 

The uric acid was determined by the method of Hopkins. 100 c.c. 
were used. 

For the chlorides Volhard’ s method of direct titration _with 
nitrate of silver was used. On several occasions the results were 
checked by igniting the urine and determining the chlorides in the ash. 
Concordant results were obtained, as is shown by the mblewing example. 
10 c.c. of urine were used. 

Silver solution | used in com. 


Before ignition. After ignition. 


Feb. 9. 101 10-6 
10:3 
Feb. 10. 13 1-7 


Phosphoric acid was determined by titrating with uranium nitrate. 
The method was checked on one or two occasions by the gravimetric 
method after igniting with caustic soda and nitre. The results were 
practically the same. 25 c.c. of urine were used. 
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Sulphuric acid was estimated by heating 50 c.c. of the urine with 
' hydrochloric acid and adding barium chloride. The precipitate was 
washed and weighed. 

The total sulphur was estimated as sulphuric acid by igniting with 
caustic potash and nitre, dissolving the ash with hydrochloric acid and — 
precipitating with barium chloride. 

The sodium and potassium were determined as follows :— 

100 c.c. of the urine were acidified with hydrochloric acid and 
2 grms. of carbonate of calcium were added. Ammonia was next added 
and the mixture heated and filtered. Oxalate of ammonia and ammonia 


_. -were added to the filtrate and it was heated and filtered. The filtrate 


was evaporated to dryness in a platinum basin andignited. The ash was 
dissolved in water and filtered. To the filtrate a solution of strontium 
chloride in alcohol was added, and it was heated and filtered. The 
filtrate was then heated to remove the alcohol, and an excess of 
carbonate of ammonia was added, and it was heated and filtered. The | 
filtrate was dried in a platinum capsule ignited, dissolved in water and 
the treatment with carbonate of ammonia repeated, and after re- 
evaporation the residue was dissolved in water, a few drops of hydro- 
chloric acid added, and the fluid was evaporated to dryness in a platinum 
capsule and weighed. This gives MgCl, + KCl+ NaCl. 

The residue was then dissolved in water with a little hydrochloric 
acid, made up to 100 c.c. and divided into two equal portions A and B. 

In A the magnesium was estimated by the phosphate of soda 
method. From the Mg,P.O, the MgCl, was calculated and, deducted 
from the half of the first weighing, gave the KCl + NaCl. 

To portion B, platinic chloride in excess was added—the solu- 
tion being highly-coloured, by excess of platinic chloride. It was 
evaporated nearly to dryness in a water-bath and 80°/, alcohol was 
added. After standing for three hours a crystalline precipitate formed. 
This was washed with a mixture of alcohol and ether. The precipitate 
was dissolved in hot water, and the process repeated. The precipitate 
was collected on a dried weighed filter-paper, washed with alcohol and 
ether, dried and weighed. This gave 2KCl+PtCl,. From this KCl 
was calculated and by subtraction gave the NaCl. 

B. Feces. The faeces were weighed, treated with 10 per cent. 
sulphuric acid and dried. 

The nitrogen was determined by Argutinsky’s modification of 
Kjeldahl’s method. 
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Details of experiment. 


Two dogs were used, the one for Exps. I. II. and III. the other for 
Exp. IV. The first dog was a spaniel bitch weighing 9-2 kilos. 


Exp. I. Feb. 28th. The dog was put upon a diet of 


Indian meal as porridge 150 grm. 
Milk 700 


On March 4th the diet was increased to 


Indian meal 200 grm. 
Milk 700 cc. 


On March 9th (sixth day), 12-5 doses of diphtheria toxine (each lethal 
to 500 grm. guinea-pig) were injected subcutaneously at 3 p.m. On the 
following day the dog was ill and refused its food. At 4 p.m. it appeared 
very ill, and unable to rise. 

125 immunisation units of antitoxine prepared in the laboratory were 
injected. At 5°15 the animal seemed better. At 10 p.m. another similar 
dose of antitoxine was given. Next morning it seemed perfectly well and 
took food greedily. On March 14th no food was given. 


Temp. in degrees Cent. 


Morning Evening 
5th day of exp. 38°5 
6th 38°8 38°3 
7th ” 40°5 400 
39°5 39°1 
39°0 38°4 
38°5 
Weight. 
Feb, 28 9°20 kilos. 
5th day of exp. OTT 
8:33 
7°68 
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Food analyses. 
I. Indian meal (0:5 grm. taken). 40 c.c. . acid used, of which 6:2, 
6°6, 6°6 and 6-0—average 6-4 c.c.—were neutralised. = 0-089 grm. N. = 1°77 °/, 
= 3°65 grm, in 200 grms. 
II. Milk (50.0. taken). 40.0.0. acid used, of which 16-6 and 16-9— 
average 16-75 c.c.—were neutralised. =0-0234 grm. N. = 0°469 °/, = 3°28 in 
700 c.c. | 


_ Exp. IT. On May Ist, the same dog was put on a diet of 


Indian meal 100 grm. 
Milk 700 c.e. 
Minced liver 100 grm. 


On May 3rd at 1°30 p.m. 125 immunisation units of antitoxine were 
injected, and the same dose was repeated at 4p.m. No symptoms were 
produced. 


Temperature in deg. C. 


Morning Evening 
May 3 38°4 38°4 
878 38°4 
38:4 38°5 
38°5. 38°4 
Weight. 
May 2. 9°28 kilos. 
963, 
9-48 ,, 


Exp. III. May 29th. The same dog was put on a diet of 


Indian meal 200 grm. (N. 3:56 grm.) 
Milk 700 cc. (N. 3°28 grm.) 


On June 3rd (fifth day) the dog’ got no food. 


1 On May 30th a prolapse of the uterus was noticed and after this date the dog was — 
not catheterized. 
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On June 6th 18-7 doses of diphtheria toxine (each lethal to 500 grm. 
guinea-pig) were injected subcutaneously. 

On June 7th the dog was ill and took no fodd. 

On June 8th the dog was better, but took only a little food’, and at 
6 p.m. 125 immunisation units of antitoxine were injected. 


Temperature. 
Between May 30th and June 6th the temperature varied from 38:4 to 
38°6°C, On the 7th it rose to 39°5°C, Next day it was 38-9°O. and after 
it fell to normal. 


Exe. IV. Nov. 19, 1898. An old pointer bitch weighing 24 kilos was 
put on a diet of 


Oatmeal 600 grm. 
Milk 500 c.c. 
Water 


On the 27th (fifth day) no food was given. 

On the 30th about 11 doses of diphtheria toxine (each lethal for 500 grm. 
guinea-pig) were injected at 5°30. On Dec. lst no food was taken. On 
Dec. 2 all the food was taken. Next day some of the food was left and- 
the dog seemed ill. 


“Temperature. 
From Nov. 26th to Nov. 30th the temperature varied between 37°8 and 


-38-4°C. On Dec. Ist it rose to 38°8°C. but in the evening it was only 
38°5° C. 


Weights. 
4th day of exp. 20°9 kilos. 
,, 
20°2 ,, 


j 


1 Nitrogen of residue =5*26 grms., so only 1°58 grms. of Nitrogen were taken in food. 
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CONSIDERATION OF RESULTS. 


1, Absorption of Food. 


The experiments recorded by von Noorden (loc. cit. p. 208) indicate 
that in the fever of pneumonia and tuberculosis in the human subject 
the absorption of proteids and of fats is not interfered with. 

In experiments I. and III. the nitrogen of the feces was determined 
in the normal period, in the period of fasting (fast and day after), and in 
the fever period (fast with fever and day after). 


I. Nitrogen of Faces. 


Normal Fast Fever 
Exp. I 0-53 0-74 
Exp. III. 0-97 0-76 0-76 
Average 0-95 065 


These figures quite clearly show that in the brief fever induced by 
diphtheria toxine there is no marked interference with the absorption of 
proteids. 


2. Proteid Metabolism. 


It has already been demonstrated by many observers that one of 
the chief phenomena of infective fevers is an increase in the proteid 
metabolism. This as von Noorden points out is not directly connected 
with the temperature because it manifests itself before the temperature 
rises, because it may occur when the rise of temperature is prevented by 
quinine, and because it bears no proportion to the temperature. Like 
the rise of temperature it is caused by the toxic action of the microbial 
products which seem, like phosphorus, to cause destructive changes 
in the protoplasm of the tissues. 

So far as we are aware the relative influence of fasting and fever 
has not been investigated in a case where an accurate nitrogenous 
balance has been’ struck. 

The intake and output of nitrogen in our experiments is shown in 
the following tables and diagram. 
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Taste II. Intake and output of nitrogen. 


Exp. 1. Exp. III. ‘Exp. IV. 

Food Urine Feces Food Urine Feces Food Urine Feces 
poy 683 6-02 003 683 479 97 — 1046 — 
| 341 478 003 841 359 076 — 795 — 
Fever} S41 677 O74 0-78 399 076 — 1002 — 


In the diagram the condition of nitrogenous equilibrium is repre- 
sented by the heavy line. All above this indicates the retention of 
nitrogen, all below a loss of nitrogen from the tissues in excess of the 
nitrogen taken in. The normal period is represented by an interrupted 
line. The fast, and fast with fever, periods are represented by three 
dots, the first being the day previous to the fast or fast and fever, the 
second the day of the fast or fast and fever, and the third the day after 

each of 


Scheme showing nitrogen balance. 


lst Experiment Brd Experiment 
Normal Fast Fever Normal Fast Fever 


There was thus a marked difference between the effect of fasting, 
and of fasting combined with fever. The effect of one day’s fast was to 
cause a decided fall of the nitrogen balance. In the first experiment the 
balance was reduced by 4 grammes, in the third by 3 grammes, but in 
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both cases this large negative balance was immediately recovered from and 


_ followed by a positive balance. When fever was combined with fasting 


there was a similar drop on the fasting day, but on the following day, 


‘instead of recovery with a positive balance, there was a continued 


negative balance. It is this second day of negative balance which 
marks the difference between fasting and fasting combined with fever. 

Table II. shows that the increased excretion of nitrogen in fever is 
due to the increase in the nitrogen of the urine. The absolute increase 
in each case was 0°99 grm., 0°4 grm., and 2°07 grm. These amounts 
indicate an increase in fever of 21°/,, 11°/, and 26 °/,—average 21 °/,— 
over the excretion during simple fasting. 


3. Distribution of Nitrogen in the Urine. 
A. Urea. 


- Taste III. Nitrogen excreted as urea and Nitrogen not as urea. 


Normal Fast Fever 
Exp. asurea not as urea asurea not as urea as urea not as urea 
1 5:35 0°67 4:37 0°42 4°83 0°94 
3 3°83 0:97 2°95 0°64 3-32 0-67 
4 8°60 1:85 7°32 0°63 8-00 2-02 
Average 5:93 1:16 4:88 0°56 1:21 


Of the excess of 1:15 grms. of N excreted in fever as compared with 
0:50 grm. were in urea 
- 0°65 grm. were not in urea. 


Thus, of the increased excretion of nitrogen in fever rather less than 
half is urea nitrogen, rather more than half is nitrogen not in urea. 
The percentage of the total nitrogen in urea is given in the next 


Taste IV. Percentage of nitrogen in urea. 


Exp. Normal Fast _ Fever 
1 89 91 84 
2 80 82 a 
3 82 92 80 


_ Average 84 88 82 
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A comparison of this with the results obtained by Gumlich and 


Bohland in their observations on the human subject in fever are of 
interest. 


Taste V. 
Normal Fever 
urea N not urea N urea N not urea N 
Gumlich 13°6 84°5 15°5 
Bohland 85-0 15-0 82-0 ‘18-0 
Present exp. 84-0 16-0 82-0 


Our experiments further show that in fasting as compared with a 
diet of meal and milk, the proportion of nitrogen in urea is increased. 


B. Ammonia. 


In fever in man all observers record an increase in the excretion, 
both absolute and relative, of nitrogen in ammonia. This von Noorden 
(loc. cit. p. 210) connects with the increased formation of acid by which 
the alkalinity of the blood is markedly lowered. The amount of 


preformed ammonia in our experiments is given in the following 
table. 


Taste VI. Average daily amount of preformed ammonia. — 


Exp. Normal Fast Fever 
1 0°48 0°25 0°38 
ee 0°65 0-43 0°45 
4 0°60 0°65 
Average 0-75 0°43 0°49 
Expressed as nitrogen this gives 
Taste VII. 
Exp. - Normal Fast Fever 
1 0°40 0°21 0°31 
3 0°53 0°35 0°37 
4 101 0°48 0:54 


Average 0°65 0°35 0-41 
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The percentage of ammonia nitrogen to the total nitrogen was 


Taste VIII. 
Exp Normal ~ Fast Fever 
2 11-0 9-7 9°3 
3 9°6 6:0 5°3 
Average 91 oy... 66 


The absence of an increase in the ammonia nitrogen in these 
experiments is of great interest, but the probable explanation will 
be dealt with when the excretion of sulphur is considered. 

C. Uric Acid. 

In the dog the amount of uric acid in the urine is very small, and 
_ the influence of fever upon its production cannot be satisfactorily 

studied. This is to be regretted because most of the dbservations on 
man have been made with unsatisfactory methods, and the increase in 
‘the excretion of uric acid commonly described cannot be considered as 
definitely demonstrated. 

In our series of experiments the uric acid was deteratined only in 
the first with the following results :— | : 

TaBLe 1X. Lacretion of wric acid. 

Normal - Fast Fever. 
06 054 06 


Not merely the variations in the uric acid but the total amount 
determined in 100 c.c. of the urine, the quantity used for analysis, fell 
within the limits of experimental error and the investigation was 
therefore not continued. 


 D. Nitrogen in other combinations. 

This includes the nitrogen in such compounds as creatinin, purin 
bases, cynurenic acid, hippuric acid, etc. Weil and Anrep have shown 
that in septic fever in rabbits the formation of hippuric acid is interfered 
with, the benzoic acid of the food being in great measure excreted as 
such. 

The excretion of creatinin has not been fully investigated!; but the 


1 See von Noorden, dees eit. p. 218. 
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evidence is in favour of the occurrence of an increased excretion of this 
substance in connection with the increased katabolism of the muscle 
protoplasm. 

We are not aware of any investigations on the influence of fever on 
the excretion of cynurenic acid or upon the production of the purin 
bases. 
In our observations it was impossible to deal in detail with all 
these various bodies. Their collective quantity however is indicated by 
the amount of nitrogen excreted in the urine it forms other than urea 
_ and ammonia, and this is shown in the following table. 


TaBLE X. Amownt of nitrogen not in urea. 
Exp. Normal | Fast Fever 
1 0°67 0-42 0°94 
3 0°67 0°67 
4 1°85 2-02 
Average 1:16 0:56 1-21 


The table shows a marked increase in the excretion of nitrogen not 
- in urea, and as the ammonia excretion is not increased, this must be 
due to an increase in the excretion of some or all of these combinations. — 


4. Eacretion of sulphur. 


In previous experiments a general relationship between the excretion 
of sulphur in the form of sulphuric acid and the excretion of nitrogen has 
been observed. But this relationship is far from being a fixed one. 
According to von Noorden the divergencies recorded may in part be 
due to the excretion of nitrogen and sulphur not necessarily occurring 
at the same time, and in part to some alteration in the proportion of 
sulphur excreted as sulphuric acid, and that excreted in such neutral: 
compounds as cystin, etc. The only investigation in any way bearing 
upon this subject with which we are acquainted is by Schmidt’. He 
shows that in actinomycosis there is an increase in the proportion of 
sulphur in neutral compounds. He had previously discovered the same 
condition in pernicious anzmia. 

The question is one of very considerable interest, since such a 
change must indicate a profound disturbance in the metabolic processes. 


Centrbl. f. innere Med. x1x. 8. 1898. 
XXIV. 24 
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For its investigation the dog is eminently suitable since a large pro- 
portion of the sulphur of the urine is in such neutral combinations. 


Taste XI, Laxcretion of S in sulphates expressed as SO,. 


Exp. Normal Fast Fever 
0-70 0-74 0°51 
3 0°62 0:34 0°42 
4 1°43 1:12 07 4 
Average 0:91 | 0°73 0°56 


The excretion of the total sulphur throughout an entire experiment 
was studied in Exp. IV. The following results were obtained. 
Exp. Normal Fast Fever 
4 2°21 1°62 1:78 
In Exp. III it was investigated only on the day before the fast, on 
the fasting day, during the mid normal period, and on the day of fever. 
Taking the fasting day alone and the fever day alone in these ex- 
periments it is found that percentage of sulphur in acid compounds is 
as follows— 


TaBLe XII. Per cent. of S im acid compounds expressed as SQ,. 


Exp. Fast Fever 
3 75 40 
4 45 24 


These results indicate a marked influence of the febrile process 
upon the distribution of sulphur in the urine, and this is further 
elucidated by a study of the relationship of the excretion of sulphur to 
the excretion of nitrogen. 


Taste XIII. SO, per cent. of total N. 


Exp. Normal Fast Fever 
1 12:3 15-4 8-7 
3 12-7 9:2 10°5 
20°8 20°3 17°8 
Avernge 149 12-4 
TaBLE XIV. 
S in neutral combinations expressed as SO, per cent. of total N. 
‘Exp. Fast Fever 
3 3°9 8°5 


4 17 
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During the febrile process there appears to be a less complete 
oxidation of sulphur than in the normal or in the fasting state. | 
Taken along with the diminished elaboration of nitrogen into urea 
this seems to indicate a profound alteration in the metabolic processes. 
The part played by the liver in the formation of urea suggests that it 
is the chemical changes in this organ which are at fault. And this idea 
appears to be supported by the facts that in fever the true bile 
constituents are diminished’ and that the accumulation of glycogen in 
that organ is also interfered with*. 

This diminution in the formation of sulphuric acid probably explains 
the absence of an increase in the ammonia of the urine in these febrile 
attacks. The object of the formation of ammonia appears to be to 
neutralise the acids and chiefly the sulphuric acid formed in the 
metabolism of proteids. As before stated this increase is very marked 
in the human subject in febrile condition, but in the dog under the 
influence of diphtheria antitoxine it is absent. 


5. Ezacretion of phosphorus. 


In the various investigations on the influence of fever on the 
excretion of phosphoric acid very contradictory results have been 
obtained* and the subject requires re-investigation. 

In our observations the excretion of P,O, was as follows : 


-TaBLE XV. Ezoretion of P,O,. 


Exp. Normal Fast Fever 

1-08 1-04 0:96 

3 0:77 0-63 

4 2°85 2-23 2°13 
Average 163 — 1°35 1-24 


The chief point of interest in the excretion of P,O, is its relationship 
to the excretion of N., since it has recently been maintained that 
an increased proportionate excretion of P,O, indicates an increased 
metabolism of tissues rich in nuclein compounds. The old researches 
of Zuelzer* had shown that in feeding with kidney and liver the 


1 Reports from the Laboratory of the Royal College of Physicians, Edinburgh, Vol. 11, 
p. 209. 1891. 

2 ibid. Vol. v. p. 75. 1895. 

% See von Noorden, loc. cit. p, 2138. 
4 Semiologie des Harns, 1884, 
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proportion of P,O, to N. in the urine rises as compared with the 
excretion on a diet of flesh. In the former the amount of nuclein is — 
small" while it is much larger in the latter. 


Taste XVI. P,O, per cent. of total N. 


Exp. Normal Fast Fever 
1 179 21:9 16°8 
3 20°5 21°6 
4 27°2 28-0 21°3 

Average 25°7 


The febrile process in all these experiments caused a fall in the 
proportion of P,O, to N. This appears to indicate either that the tissues 
specially rich in nucleins are less rapidly decomposed than those poor in 
these constituents, or that there is some arrangement by which the 
phosphorus is retained in the body. 

This decrease in the proportion of P,O, along with the increase in 
the nitrogen not as urea—which of course includes the purin bases— 
would seem to afford further evidence that these are not entirely 
derived from the nucleins but, as is indicated by the researches of 
Hopkins, that they may have other sources in the animal body. 


6. Ezacretion of sodium and potassiwm. 

The only study of the influence of fever on the excretion of sodium 
and potassium was made by Salkowski in 1871'. 

By observations on himself and upon others on ordinary diets he 
_ showed that the potassium usually forms about 20 or 30°/, of. the 
combined sodium and potassium. This proportion he found is increased 
both by fasting and by fever. For in a case of partial inanition it rose 
to 40°8°/, and in feverish conditions, such as pneumonia and typhoid 
fever, potassium in some cases constituted as much as 90°/, of the 
combined alkalis. | 

The results of our observations are given in the following table :— 


Taste XVII. Lacretion of sodiwm and potassium. 


Exp, IL. 
K per cent. of 
K Na K+Na K+Na 
Normal 1-53 6°61 8:14 18°8 
Fast 0:92 — 2°89 3°81 24-2 
Feve 0°76 3°09 3°85 20°0 


1 Virchow’s Arch. Lim. p. 209. 1871; and tvut. p. 391. 1882. © 
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Exp. ITI. 
Normal 1°80 3°55 5:35 33°6 
Fast 1-20 2°26 3°46 34°7 
Fever 0°96 1°75 2-71 38:1 


A study of these figures shows that, as might be expected, the 
amount of sodium varies with the amount of salt in the food. In the © 
first experiment the amount excreted per diem was 6°61, while in the 
third experiment it was only 2°9 gr. On the other hand the amount of 
potassium was more constant—1‘53 in the first and 1°80 in the third 
experiment. 

The figures also clearly show that the effect of fasting and of fasting 
with fever is to reduce the amount both of sodium and potassium 
excreted, but that neither in fasting or in fasting with fever is there 
any marked change in the relationship of the one base to the other. 

Various explanations of the discrepancies between our results and 
those of Salkowski present themselves for consideration. 

1. It might be urged that in the transitory attacks of fever induced 
by our method, the full effect of the toxine had not manifested itself. 


In Salkowski’s cases the fever had been in progress for some time. 


But the distinct effect produced upon the excretion of nitrogen, upon 
the distribution of sulphur, and on the amount of chlorine excreted, 
appear to us to show that the toxine had in our experiments fully 


exercised its influence on the metabolism. 


2. Salkowski’s results may have been due to continued star- 
vation rather than to the action of the toxine. But the observation 
of Munk upon Cetti which show that even upon the tenth day of 
complete inanition the potassium constitutes only 70°/, of the total 
alkalis, while in Salkowski’s cases it sometimes reached over 90°/,, 
appears to militate against this explanation. In muscle alone of the 
tissues does the percentage of potassium amount to 90°/, of the total 
alkalis. The fact that the increase in the proportion of potassium is 
largely due to the diminution in the excretion of sodium appears 
rather to suggest that Salkowski’s results may have been due to a 
retention of the latter base, possibly connected with the fall in the 
excretion of chlorine presently to be considered. 

3. It may be that the action of diphtheria texine upon the meta- 
bolism is different from the action of the toxines of pneumonia or of 
typhoid. 

4. It is possible that the different distribution of the two alkalis in 
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man and in the dog may in part at least explain these discrepancies. 
In man the amount of potassium is large in the red blood corpuscles 
relatively to the sodium, while in the dog this is not the case. 


Per cent, of alkalis im ash of red blood corpuscles. 


Na 
Man 40°89 9°71 
Dog 6:07 


Since in starvation the red corpuscles are constantly being broken . 
down, it is possible that the absence of any increased proportion of 
potassium in the urine may be explained in this way. __ 


7. Excretion of chlorine. 


Since Redtenbacher! observed that, in the course of pneumonia, 
the excretion of chlorides in the urine sinks, a very large number of 
investigations on the influence of febrile processes on the excretion of 
these substances have been recorded. The most recent of these is by 
Hutchinson’, 

He confirms the results of previous investigators not only as to the 
influence of pneumonia and many acute fevers on the excretion of 


chlorine but also as to its cause. He shows that it is not due to a 


diminished intake or absorption, nor to a failure in the action of the 
kidneys, but rather to an accumulation of chlorine in the solid tissues. 
It has been suggested that for the increased metabolism of fever a 
larger amount of chlorine is required in the tissues, but this is no more 
than a theory. 

In our experiments the amount of NaCl in the food was different in 
each. In ‘the first 18 grm. per diem was given; in the third 10 grm.; 
and in the fourth none. These are the weights of ordinary commercial 
salt added to the food. Our results are given in the following table :— 


XVIII. of chlorine per diem. 


Exp. Normal Fast Fever 

1 11°21 6°47 0°56 

3 6°50 3°75 0°54 

4 1°15 0°67 0°56 
Average 6:29 3°63 "52 


1 Zeitsch. d. k. k. Ges. d. Aerzte zur Wien, vi. p. 878. 1850. 
2 Journal of Pathol. and Bacter. p. 406. 1898. 
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In the first experiment a marked fall in the excretion of chlorine 
took place even on the day of the injection. | 
.. These three experiments show that the influence of diphtheria toxine 
is to diminish the excretion of chlorine in the urine, the effect being 
most marked in the first and third experiments when salt was given 
the food. 
An enormous diminution in the excretion of chlorine as — 
- with the proteid waste is also manifest. ; 


TABLE XIX. Ol per cent. of total N. 


Exp. Normal Fast Fever 
l 186 
3 ‘135 104 14 
4 11 9 5 

Average 106 81 32 


Of much greater interest is the relationship of the excretion of 
chlorine to the excretion of the alkalis. It is usually supposed that 
the greater part of the sodium of the urine is linked with chlorine as _ - 
chloride of sodium. But while this may be so in normal conditions it 
is not so during fasting and still less during fasting with fever. “@»»  ~ 

The following table shows the amounts of sodium and potassium 
uncombined with chlorine. In making these calculations it is supposed 
that the sodium is first all combined. 


TaBLe XX. Percentage o Na and K combined saith Cl. 


Na K 
1 100 100 8°5 28 100* 0 


100 100 ‘19 37 24 0 
* Excess of chlorine 0°89 grm. 


From this table it will be seen that in the normal and fasting 
periods, there is sufficient chlorine in the urine to combine with all 
the sodium and a considerable proportion of the potassium ; but that 
during fever the chlorine is sufficient to combine with only a small part: 
of the sodium and with none of the potassium. 

The fever induced by diphtheria toxine thus seems to cause a very 
marked and special disturbance in the relationship of the chlorine and 
the alkalis of the urine. | 


i 
4 
rq 
# 
hg 
a 
f 
a 
| 
“J 
ag 
“Gg 
As 
\ 3 


354 D. N. PATON, J. C. DUNLOP, AND I. MACADAM. 


Very similar results were obtained by Salkowski, although in his 
paper! he does not consider the excretion of chlorine in relationship 
to the excretion of the alkalis. But we find two cases in which the 
excretion of chlorides was studied and we here reproduce his figures, 
converting the NaCl into Cl. 


From pp. 218 and 225. 
K 


Na K+Na Cl Temperature 
24 3-044 0354 3-398 1-085 
25 2-301 0311 2-612 1-221 
26 1-701 0-296 1-927 1-241 
97 2-629 0-591. 3-150 1524 36° to 40°C. 
98 2-438 0518 2-956 1:599 
29 1-906 0-360 2-266 1-566 
30 0:862 0-625 1487. «1-417 36° C. 
31 1-032 3-984 5016 7-87 
1 2905 7540 10645 16-08 } 

From pp. 224 arid 225. 

21 3-44 0-77 4-21 0. 
24 0-520 2-934 3-454 
25 0-728 4-334 5-062 8:74 | 36 & 37°C. 
26 2-260 6-431 8691 15°58 : 
27 1528 9-94 below 36°C. 


The meaning of this condition is not easy of explanation. It may 


indicate a retention of chlorine as some halogen compound of the proteids, 
but our investigations throw no light upon this question. Nor do they 
elucidate the problem of what acids take the place of hydrochloric acid 
in combining with the alkalis in the urine. It is known that in fever 
lactic acid and other organic acids appear in the blood and it is possible 
that these may replace the chlorine. 


CONCLUSIONS. 


Under the influence of diphtheria toxine in the dog— 

There is no interference with the digestion and absorption of 
proteids, 

There is a marked increase in the proteid katabolism, probably as 
a result of a direct toxic action on the protoplasm. 

There is an interference with the elaboration of waste nitrogen into 
urea which leads to an increase in the proportion of nitrogen not as 
urea in the urine. | 

No marked increase in the proportion of nitrogen in ammonia 
occurs. 

1 Virchow’s Arch, ui. 1871. 
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The excretion of uric acid is not manifestly modified. | 

The excretion of sulphuric acid is not increased proportionately to 
the increased excretion of nitrogen. 

The total excretion of sulphur bears a fairly direct proportion to the 
excretion of nitrogen. 

The neutral sulphur—sulphur not as sulphates—is increased, probably 
by an interference with its oxidation to sulphuric acid. 

The absence of an increase in the formation of sulphuric acid 
probably explains the absence of an increased formation of ammonia. 

The diminished elaboration of sulphur into sulphuric acid appears 
to be connected with the diminished elaboration of nitrogen into urea. 
Both are probably due to an interference with the hepatic function 
similar to that already demonstrated to occur in febrile conditions in 
the manufacture of the bile constituents. 

The excretion of phosphorus is not increased but is lower in fasting 
with fever than in fasting alone. 

The proportion of phosphoric acid to wineapeet: is markedly dimi- 
nished. This would seem to indicate the absence of any increase in the 
_ katabolism of nucleins as compared with other proteids. 

The absence of any relationship between the phosphoric acid and 
the nitrogen not as urea seems to militate against the view that the 
purin bases which contain part of that nitrogen are necessarily derived 
from nucleins. | 

There is no marked alteration in the proportion of potassium and 
sodium such as was observed by Salkowski in febrile conditions in man. 
This may possibly be explained by the different distribution of the two 
bases in the red blood corpuscles of man and of the dog. 

The excretion of chlorine is. markedly diminished actually, in 
proportion to the excretion of nitrogen, and most markedly in pro- 
portion to the excretion of sodium and potassium. 

This alteration in the proportionate excretion of chlorine and of 
these bases raises the question of what is the nature of the chlorine 
compounds of the tissues and suggests that in the body chloride of 
sodium may be split up elsewhere than in the gastric mucosa. 

The question of what-acid takes the place of hydrochloric acid in 
combining with the bases in the urine is not elucidated. f 


[Towards the expenses of this research a grant was made on the 
recommendation of the Scientific Grants Committee of the British Medical 
Association. | 
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THE RELATIVE VOLUME OR WEIGHT OF COR- 
PUSCLES AND PLASMA IN BLOOD.’ By G. N. 
STEWART, M.A., D.Sc, M.D., Professor of Physiology 
Histology in the Western Reserve University, Cleveland, U.S.A. 


_ Two chief methods have been hitherto employed for the estimation of 


the relative volume or weight of corpuscles and plasma in blood, the 
method of Hoppe-Seyler', and the method of Bunge*. In Hoppe- 
Seyler’s method the following quantities are estimated: (1) the 
proteids and hemoglobin in a portion of the defibrinated blood ; 
(2) the proteids and hemoglobin in the corpuscles belonging to another 
portion of the blood, after the serum has been completely got rid of by 
repeated admixture with salt solution and subsequent centrifugalisation 
or sedimentation ; (3) the proteids in a portion of serum separated from 
the clotted blood and entirely free from corpuscles. The method when 
carried out in all the necessary details is fairly accurate but exceedingly 
laborious. 

Bunge’s method is only applicable in the case of animals whose 
blood-corpuscles contain no sodium, the pig, for example. The sodium — 
is estimated in a portion of the blood and in a portion of the clear 
serum, and a simple calculation gives the relative amount of corpuscles 
and serum, | 

In this paper I shall describe two new methods, both applicable to 
any kind of blood, easily carried out, and requiring only a comparatively 
short time. I shall speak of them as the colorimetric method and the 
electrical method respectively. 


THE COLORIMETRIC METHOD. 


The principle of this method is very simple. A pigment which is 
soluble in serum, and neither penetrates the corpuscles nor sensibly 


1 A preliminary account of the methods employed in this research was given in the 
Centralb. f. Physiologie, x1. 1897. pee 
2 Hdb. d. physiol. u. pathol. chem. Analyse, 6 Ausg. p. 274. 1898. 
3 Physiol. Chemie, 4 Ausg. p. 228. 1898. 
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alters the osmotic pressure of the serum, is added in known amount 
to a definite volume or weight of defibrinated blood. The blood is 
agitated till the pigment is uniformly distributed through it, and is 
then centrifugalised. From the amount of pigment contained in a 
given quantity of the tinged serum the quantity of serum in the blood 
can easily be calculated. 

The pigment employed by me was tuxhemoelobin, I selected this 
for two reasons, first, because it was unlikely that it would pass into 
the corpuscles ; and, second, because with a high intensity of colouring 
power it unites a high molecular weight, and could therefore be used in 
such quantity that accurate colorimetric comparison was possible, while 
the osmotic pressure was only slightly changed. The fact that this pig- 
ment does not, under normal conditions, pass out of the corpuscles into 
the plasma, does not of itself justify the assumption that hzmoglobin 
artificially added to the serum will not pass at all into the corpuscles. 
For it has never been definitely shown that the hemoglobin in the 
corpuscles is in solution as such. I have, however, proved by com- 
parison of the colorimetric method with that of Hoppe-Seyler and 
with the electrical method in specimens of the same blood (Exp. VIII) 
that, as a matter of fact, no portion of the hemoglobin added to the 
serum penetrates the corpuscles. The proof consists in the agreement 
between the results of the colorimetric and the other methods, an 
agreement which could not exist if any appreciable amount of the 
hemoglobin added to the blood disappeared from the serum. That 
the addition of hemoglobin in amount sufficient for the determination 
can cause at most only such ap increase in the osmotic pressure, and 
therefore in the volume of the serum as lies within the limits of error 
of the method, was shown as follows. 


_ Preparation and testing of the hemoglobin. 


Oxyhemoglobin was prepared by Hoppe-Seyler’s method? from as. 
much blood as could be collected from the carotid of a large dog. The 
weather was steadily cold, the external temperature about 0°F. The 
crystals were dissolved in water and recrystallised three times. A 
portion of the oxyhemoglobin was crystallised four times. Finally the 
crystals were well dried between folds of blotting-paper, and then dried 
for two days over sulphuric acid in vacuo. They were then powdered 


1 op. cit. p. 274. 
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finely in a mortar and again dried in vacuo for three days. The greater 
portion of the thoroughly dry hemoglobin was sealed up in. glass tubes. 


Exp. I. Of the thrice crystallised: hemoglobin 0°3976 grm. was 
thoroughly rubbed up in a mortar with 9°929 grm. of distilled water, and 
then filtered. 0°0336 grm. of undissolved pigment (hematin?) remained on 
the filter. In 100c.c. of the solution there would be 3°53 grm. hemoglobin. 
The freezing-point and electrical conductivity of the solution were deter- 
mined with the following results. 

Freezing points (by Beckmann’s apparatus). 


Distilled water (mean of 5 readings) 4589° 
Hb solution 4°581° 

4°580°+ mean 4°580° 
4-580° 

A= ‘009° 


This is about ,1,th of the value of A for blood-serum. 


The addition to the serum of defibrinated blood of a quantity of 
this specimen of hemoglobin amounting to 2 per cent. of the serum 
would only cause an alteration of 1 per cent. in the osmotic pressure of 
the serum. 

To get the osmotic pressure due to the hemoglobin alone we must 
deduct the portion due to the salts that cling to it even after three 
crystallisations. The most important of these salts will certainly be 
sodium chloride, since sodium chloride solution is mixed with the blood 
in the preliminary sedimentation. We may, without serious error, 
assume that the conductivity of the hemoglobin solution in distilled 
water, apart from the small portion of it that depends on the impurities 
in the distilled water, is entirely due to sodium chloride, and thus 
arrive at the amount of sodium chloride present. Thus 


For the Hb solution A(5°) x 10° = 0:90. 


The molecular conductivity of sodium chloride’ in very dilute 
solutions at 18° C., expressed in mercury units, may be taken as 86, 
or expressed in reciprocal ohms at 5° C.*, say, 66. 

If ~ =the molecular conductivity, and v =the number of litres in 
which a gram-molecule a substance is dissolved, and \ = the specific 


conductivity, then »=——— 


Ostwald’s Lehrbuch d. allgemeinen Chemie, Ausg. 11 Th. 1. p. 646. 
2 In this paper electrical conductivities are always expressed in reciprocal ohms at 
5° C. x 108. 
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_ Substituting for pw its value 66, and for > x 10’ its value ‘09, we get 
v= 5 = 730. A gram-molecule of NaCl, or 58°36 grm., would there- 


fore be dissolved in 730 litres of a solution containing the same 
proportion of NaCl as the hemoglobin solution. But when a gram- 
molecule of a substance not susceptible of electrolytic dissociation is 
present in a litre of its aqueous solution, the freezing-point is lowered 
by 185°C. Therefore, the quantity of NaCl present in the hemoglobin 
solution, if it were non-dissociable, would cause a lowering of 


1°85° 
730 = ‘0025°. 


But in such dilute solutions we may assume that all the NaCl is 
dissociated, and therefore the true diminution of the freezing-point 
would be twice as much, say, 005°. Deducting this from 009° we get 
for the hemoglobin in the solution A = ‘004°. 

If m is the molecular weight of hemoglobin we get from the 


formula nl , (where A is the diminution of freezing-point when 


185 m 
p grammes of hemoglobin are present in 1 litre of solution,) 
- 004 353 
and m = 16300. 


The molecular weight obtained by Jaquet from his analytical results 
is 16,669. It will be seen that the molecular weight deduced from 
the freezing-point observations is of the same order of magnitude ; 
and this is of interest, although no stress is to be laid on the 
apparent closeness of the agreement, as the next experiment will 
show. The mere taking into account of the conductivity of the 
distilled water would cause an alteration in the second figure, and 
an error of 0'001° in the reading of the freezing-point might make 
the first figure 2 instead of 1. 


_ Exp. II. 1-192 grm. hemoglobin (4 times crystallised) was completely 
dissolved in 14°87 grm. distilled water. (1°3072 grm. Hb was taken, but 
0°1152 grm. of pigment remained on the filter.) The solution contained 
7-45 grm. Hb in 100 ac. 


For the Hb solution A=‘011°C. 


d(5°) x 10° = “53. 
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The addition to defibrinated blood of a quantity of this specimen of 
hemoglobin amounting to 2 per cent. of the serum would only alter the 
osmotic pressure of the serum by 0°5 per cent. 


From the formula vay TO? we get 


v= 053 = 
1°85° 


[945 = ‘0015° = amount by which the freezing-point would be diminished 


by the sodium chloride present if it were non-dissociable. Subtracting twice 
this amount, or ‘003°, from ‘011°, we get for the hemoglobin alone 


A= C, 
- Taking m as the molecular weight of hemoglobin 


008 
Tap m= \ 
m= 17200. 


For comparison hemoglobin was obtained from the blood of a 
second dog, also by Hoppe-Seyler’s method; but instead of being 
re-crystallised, it was filtered off from the mother liquid, washed 
repeatedly on the filter with 20 per cent. alcohol cooled to 0°C., then 
dried with blotting-paper, and finally dried in vacuo as before. It was. 
completely soluble and contained no greater amount of electrolytes — 
than the hemoglobin made in the other way. It was used in several 
of the experiments on the relative volume of corpuscles and plasma, 
but hemoglobin of the first sample was used in the greater number. 
From the two dogs enough was obtained for a far greater number of 
experiments than were actually carried out, indeed for hundreds. The 
preparation of the hemoglobin is not, therefore, a serious addition to 
the labour of making the observations. 


4 


The details of the method. 


Blood was obtained from the carotid artery of dogs, which, as a 
rule, had fasted for 24 hours. The animals were always anzsthetised, 
usually with morphia and the A.C.E. mixture, sometimes with the A.c.E. 
mixture alone. The blood was defibrinated, and strained through 
muslin, An exactly measured or weighed quantity of the blood 
(usually 75 c.c.) was then centrifugalised till a large quantity of clear 
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serum had separated. As much as possible of the serum was removed, 
placed in a weighed dish, and weighed, or accurately measured ; or the 
amount removed was determined by weighing the centrifuge tube or 
tubes. Only serum perfectly free from corpuscles was taken, or if a 
few corpuscles were present they were removed by further centri- 
fugalisation in a separate tube’, When a few corpuscles are suspended 
in a large quantity of serum they sink much more rapidly than they 
do in ordinary defibrinated blood. A weighed or measured amount of 
the clear serum (say, 5 to 15 c.c.) was rubbed up carefully in a small 
mortar with a weighed amount of hemoglobin. Usually so much 
hemoglobin was taken as would yield a 1 to 2 per cent. solution in the 
serum. A known amount of the hemoglobin solution was added to 
the sediment of the centrifugalised blood. If two centrifuge tubes had 
been used the sediments were thoroughly mixed with the hemoglobin 
solution and with each other. The sediment was now again centri- 
fugalised till a layer of transparent reddish or blackish red serum 
which I speak of as the “tinged serum” had separated, A few cc. of 
this were removed, and a drop examined under the microscope. If any 
corpuscles were present the tinged serum was again centrifugalised in 
a small tube by itself. When it was free from corpuscles it was com- 
pared with the original solution of hemoglobin in serum as regards the 
amount of hemoglobin in it, the original solution being diluted with 
clear serum till the depth of tint was the same in both solutions when 
viewed side by side in two small hematinometers of similar dimensions. 
Sometimes the hemoglobin was converted into carbonic oxide hemo- 
globin in the two solutions before comparison. From the amount of 
serum which it is necessary to add to the original hemoglobin solution, 
the amount of serum with which each grm. or c.c. of it added to the 
sediment must have been mixed, and therefore the amount of serum 
left in the sediment after the removal of the first portion of serum, can 
be immediately deduced. The specific gravity of the defibrinated blood 
and serum was always determined, so that the quantity of serum in 
the blood could be expressed either in c.c. per 100 c.c., or in grm. per 
100 grm. of blood. 

If V is the volume of blood taken; v, the volume of the first portion 
of serum; v, the volume of the hemoglobin solution added to the 


1 In one experiment, although the animal had fasted 24 hours, the serum was turbid 
with granules and globules (of fat?) which could not be separated either by the centrifuge 
or by filtration in the cold. The experiment was, therefore, abandoned. 
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sediment, and a, the volume of serum which must be added to each c.c. 
of v’ to make its tint the same as that of the tinged serum, then 


100 (v + av’) 
V 


= volume of serum in 100 c.c of blood. 


The hemoglobin determination is the only measurement which cannot 
be made with great accuracy, but the removal and estimation of the 
greater portion of the serum before the addition of the hemoglobin 
solution reduces the error arising from this source. When a spectro- 
photometer is available the amount of hemoglobin in the hemoglobin 
solution and in the tinged serum can be directly estimated, and the 
error materially lessened. | 

In some experiments a portion of the blood obtained from the animal 
was allowed to clot, the rest being defibrinated. The clear serum was 
pipetted off (in 16 to 24 hours) from the clot, hemoglobin dissolved in a 
portion of it, and a measured quantity of the filtered hemoglobin solution 
added toa portion of the defibrinated blood. The tinged serum obtained 
by centrifugalising the mixture was then compared as before with the 


- hemoglobin solution. This method, however, while it requires only a 


single centrifugalisation, labours under the defect that unless the blood 
is kept at a temperature not much above 0° C. some hemoglobin is apt 
to pass into the serum of the defibrinated blood from the corpuscles. 
The consequence is that the tinged serum separated by the centrifuge 
after the addition of the hemoglobin solution has a higher percentage 
of hemoglobin than it ought to have, and therefore the proportion of 


serum in the defibrinated blood comes out too low. An example of 


this is seen in Exp. III. 


Exp. IIT. 185c.c. of blood was drawn from the carotid of a dog, and 
allowed to clot. At the same time a quantity of defibrinated blood was 
obtained. Both were allowed to stand for 19 hours. The clear serum was 
then pipetted off the clot, and 0-475 grm. hemoglobin (4 times crystallised) 


‘was dissolved in 30c.c. of the serum. The defibrinated blood was well 


shaken, and to 70 c.c. of it was added 20 c.c. of the filtered hemoglobin 
solution. The mixture was well stirred, and then centrifugalised till a 
considerable quantity of transparent reddish serum had separated. A few 
c.c. of this was removed from the,top of the centrifugal tube, and compared 
with the original hemoglobin solution. 1 c.c. of the solution+1‘5 cc. of 
distilled water was slightly weaker in tint than the tinged serum. _ 
lc.c. of the Hb solution + 1:4 ¢.c. water was equal in tint to the tinged 


serum. The 70 c.c. of blood, therefore, contained 20 x 1-4 = 


or in 100 of blood. 
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There is no doubt that this result is too low. For 96 cc. of serum 
was actually separated from the 185 c.c. of clotted blood, and this is 
equivalent to 51‘9 c.c. in 100 c.c. of blood, so that the real percentage 
of serum must certainly be more than 51°9. Further the electrical 
method gave by the formula 


(180 — Xo — (see p. 864), 


ana (180 — 41:7 — /41°7) as the percentage of serum, or 67°9 per cent. 


The main cause of the large error is doubtless the presence of hemo- 
globin in the serum of the defibrinated blood before the addition of 
the hemoglobin solution. It could be seen indeed that the layer of 
separated serum was red. It would of course be possible to eliminate 
this error by separately estimating the hemoglobin in a portion of the 
serum of the defibrinated blood, or by using this serum for the dilution 
of the hemoglobin solution in the colorimetric comparison. A small 
error may be caused by the use of water for dilution instead of 
hemoglobin-free serum, and this error would also be in the ee 
of too small a percentage of serum. 

Exp. IV. is an example of the colorimetric method when the errors 
of Exp. III. are eliminated. 


Exp. IV. Obtained defibrinated blood from the carotid of a dog 
weighing 3:6 kilos. Also allowed some of the blood to clot. Immediately 
centrifugalised 75 ¢.c. of the defibrinated blood. Took off 43°5 c.c, of clear 
- serum. Again centrifugalised the serum to separate the few corpuscles in it. 
Dissolved 0°384 grm. hemoglobin (4 times crystallised) in 35¢.c. of the 
serum. Filtered. Added 15 ..c. of the filtrate to the sediment of the 
defibrinated blood after centrifugalisation. Mixed well, and centrifugalised 
again, till transparent blackish red serum, free from corpuscles, had 
separated. The sediment was bright red. Took off 21:5 c.c. of the tinged 
serum. 

2 c.c. of the Hb solution + 1-5 c.c. of serum from clot is slightly stronger 
than the tinged serum. | 

2 c.c. of the Hb solution + 1-6 c.c. of serum is exactly equal in tint to the 
tinged serum. 

Accordingly, 0°8 c.c. of serum must have been mixed in the sediment with 
each c.c, of the Hb solution added to it; and, therefore, after the removal of 
43°5c.c. of serum, 15 x 12 still have remained in the sediment. 
This gives in all 55-5 c.c. of serum in the 75 c.c, of blood = 74°0c.c. in 100 ce. 
of blood, 


PH. XXIV, 25 
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By the electrical method from the formula 


p= 5 (180— 


we get p= (180 52: 59 ,/5259) 


= 74-03. 


For a comparison of the colorimetric method with Hoppe-Seyler’s 
method see p. 369, Exp. VIII. 


THE ELECTRICAL METHOD. 


The fact that in comparison with the serum the red blood corpuscles 
are exceedingly bad conductors’ suggests that there must be a relation 
between the conductivity of the blood and serum and the relative 
volume of corpuscles - serum. I have already shown® that the 


simple proportion = (where Vw», Vg are respectively the 
(b) 


volume of the serum = "of the entire blood, and Aw and A» the 
conductivity of the serum and blood) does not hold, although in blood 
very rich in serum it is more nearly correct than in blood rich in cor- 
puscles. Bugarsky and Tang]? on the basis of a very small number 


of experiments, give the formula p= 92 > ro ag 13, where p is the 


percentage volume of serum, Aq, the cee of the blood, and 
, the conductivity of the serum. They state that in all probability 
if they had made a larger number of observations they would have had 
to modify their formula. They only compared their results with those 
given by the hematocrite, which, of course only gives the limit below 
which the percentage of plasma cannot lie, and not the actual amount 
of plasma. They assumed that after long centrifugalisation the amount 
of serum in the sediment of defibrinated blood might be neglected. 
I find that the formula (cited in what follows as formula (1)) 


p= 480 ~via) 


1G. N. Stewart, Journ. of the Boston Society for Med, Sciences, June, 1897; 
Centralbl, f. Physiol. x1. p. 332, 1897. W. Roth, ibid. p. 271, 1897. St Bugarsky and 
F. Tangl, ibid. p. 297, 1897. 


2 loc. cit. 3 loc. cit. 
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is approximately correct for a wide range in the relative proportion of 
corpuscles and serum in dog’s blood. It gives results which agree 
most closely with the results of the colorimetric method and of Hoppe- 
Seyler’s method when the percentage of serum is such as is found in 
normal blood. The agreement is less close for artificial mixtures of 
corpuscles and serum in which the percentage of serum is higher than 
the maximum or lower than the minimum percentage found in normal 
blood, the formula giving too low a value in the latter case, and, in 
general, somewhat too high a value in the former. 
A somewhat simpler, but, on the whole, a less accurate formula is 


For a first approximation the factor 174°5 can become 174. When the 
percentage of serum is low this formula gives somewhat lower values 
than the other, and somewhat higher values when the percentage of 
serum is high. _ In both formule the conductivities are to be expressed 
in reciprocal ohms at 50°C. multiplied by 10. Bugarsky and Tangl’s 
formula gives considerably lower results, in general, than either of my 
formulxz, and results that are doubtless too low. The observations from 
which formule (1) and (2) are deduced consist, (1) of measurements of 
the conductivity of the serum and entire blood in normal defibrinated 
blood in which the’ proportion of corpuscles of serum was also deter- 
mined by the colorimetric method, or by Hoppe-Seyler’s method, or 
by both. (2) Of measurements of the conductivity of the serum and 
entire blood in artificial mixtures of corpuscles and serum made by 
diluting the sediments obtained by centrifugalising defibrinated blood, 
with known quantities of its own serum. The proportion of corpuscles 
to serum in the original sediment was determined by the colorimetric 
method or by Hoppe-Seyler’s, or by both. 

The following experiments illustrate the relation between the 
electrical conductivity of the serum and blood in sediments diluted 
with serum and the quantity of serum found by other methods. In 
all the experiments a weighed or measured quantity of the sediment 
was taken, and to it was added a weighed or measured quantity of — 
the serum of the same blood, obtained either from the clot or from | 
the defibrinated blood by centrifugalisation. The pipettes used for 
measuring the blood were all corrected by determining the weight of 
the distilled water needed to fill them to the mark. When the serum 
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was measured by volume the actual weight of the serum which ran out 
of the pipettes used was separately determined. A definite quantity 
of serum, having been added to a definite quantity of blood-sediment, 
say 1 cc. of serum to 10 or 20 cc. of sediment, the mixture was 
thoroughly agitated in a test-tube, and then the pipette used for 
measuring the sediment was washed out several times with the mix- 
ture. The sediments being so thick, this seemed a safer method than 
to trust to any preliminary estimate of the outflow from the blood- 
pipettes. Some of the mixture was now poured into the U-tube 
used for measuring the resistance, which was immersed in a large 
water-bath, the temperature of which was read by a thermometer 
with its bulb in immediate contact with the tube. After the resist- 
ance measurement the contents of the U-tube were poured back into 
the test-tube. A measured or weighed quantity of the mixture was 
placed in another test-tube, a known quantity of serum added, and 
the whole performance repeated, and so on. When all the measure- 
ments were made by weighing, the blood was contained in the same 
test-tube throughout the experiment. A test-tube was weighed, a 
quantity of sediment placed in it, and the test-tube again weighed. 
The difference gave the amount of sediment. Some serum was now 
added, and the test-tube again weighed to get the amount of serum. 
After the resistance measurement the contents of the U-tube were 
poured back into the test-tube, any dried blood on the outside or inside 
of the test-tube around its mouth carefully removed, and the test- 
tube weighed. In this way the amount of the first mixture used for 
making the second was ascertained. A quantity of serum was now 
added and the test-tube again weighed to ascertain its amount, and 
so on. The test-tube was kept covered with a small watch-glass to 
prevent drying of the bloo# In quoting the results I have usually 
translated from weights to volumes. 


Exp. V. In the sediment obtained in Exp. IV. after the second centri- 
_ fugalisation the amount of serum present after the removal of the 21°5 c.c. of 
tinged serum was 5:5 c.c. The volume of the corpuscles in the sediment was 
18-5 c.c. 2°7 cc. of serum was now removed from the sediment, leaving 
2°8 c.c. of serum in 22°3 ¢.c. of sediment, or 12°5 c.c. of serum in 100 c.c. of 
sediment. The conductivity of the defibrinated blood, the serum, the sedi- 
ment, and of 11 dilutions of the sediment was measured. The percentage of 
_ serum known to be present in the defibrinated blood, the sediment and its 
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dilutions is compared in the table with that calculated from the electrical 
observations. § stands for the original sediment, S (1) for its first dilution, 
8S (2) for its second dilution é&c. 


Serum found by Serum calculated Serum calculated 
colorimetric from from 
method formula (1) (2) 
¢.c. in 100 c.c. in 100c.c. c.c. in 100 c.c. 
of bl A(5°)x 108 of f blood of blood 
Ss 12°5 5°86 11°79 11°57 
8 (1) 36°14 19°72 36°11 35°76 
8 (2) 46°66 27°14 46°94 46°86 
8 (3) 55°50 © 34°49 56°41 56°58 
8 (4) 62°83 41°29 63°99 64°45. 
S (5) 69:00 47°21 69°65 70-41 
S (6) 74:10 52°27 73°79 74:85 
Defib. blood 74:0 52°59 74:03 75°12 
8 (7) 79°30 57°61 77°48 78°91 
8 (8) 82°01 61°53 79°75 | 81°44 
(9) 84°24 65°84 81°80 83°83 
(10) 85°60 68°15 82°72 85:03 
8 (11) 86:07 69°26 83°10 85°41 
Serum 85-35 


Exp. VI. Dog, body-weight 5:45 kilo. Drew off 170 c.c. of defibrinated 
blood, and allowed 105 c.c. of blood to clot. Sp. gr. of defib. blood 1060°8, 
sp. gr. of serum from clot, 1023-4. 

Immediately after the blood was shed 76-154 grm. = 71-78 c.c. of defib. 
blood was centrifugalised for 40 minutes, Took off of clear serum 30°818 grm. 
=30:'ll Added to 15 c.c. of the serum 0°235 grm. hemoglobin (not re- 
crystallised, but purified by repeated washing with cold 20°/, alcohol). Added 
to the sediment 4°85 c.c. of the filtered Hb solution, mixed, and after the 
second centrifugalisation took off 5-78 c.c. of the tinged serum. Each c.c. of 
the hemoglobin solution must be diluted with 1°2 c.c. of serum to make its 
tint the same as that of the tinged serum. Therefore after the removal of 
the clear serum after the first centrifugalisation the sediment must still have 
contained 4:85 x 1°2=5°82c.c, serum. After removal of the tinged serum the 
sediment must contain 4°89 c.c. of serum. The total amount of serum in the 
75 c.c. of defibrinated blood is 30°11 + 5°82 ¢.c.=35-93 This leaves 
35°85 c.c. of corpuscles, 

In the sediment accordingly we have 35°85 c.c. of corpuscles and 4°89 c.c. 
of serum, or 12°00 c.c, of serum in 100 c.c. of sediment. In 100 c.c. of 
defibrinated blood we have 50°05c.c. of serum. The table shows the actually 
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observed percentages of serum and the percentages calculated by the electrical — 
method in the defibrinated blood, the sediment, and 21 dilutions of the 
sediment. 


¢.c, serum in c.¢. serum in ¢.c, serum in 
100 blood 100 ¢.c. blood 100 c.c. blood 
by colorimetric calculated from calculated from 

method d (5°) x 108 formula (1) formula (2) 
8 ‘12-00 5:03 10°48 10°29 
(1) 15°03 6°28 12°98 12:77 
8 (2) 18°76 792 16°18 15°92 
8 (3) 22°61 9°86 19°88 19°60 
8 (4) 26°28 11°81 23°48 23°19 
S (5) 29°76 13°89 27°21 26°93 
S (6) 33°1] 15°60 30°22 29°92 
8 (7) 36°28 17°42 33°30 33°03 
8 (8) 41°18 21°30 39°62 39°39 
(9) 46°09 25°03 45°26 45°16 
(10) 50:59 28:52 50°31 50°26 
Defib. blood 50°05 28°74 50°61 50°57 
8 (11) 54°68 | 31°69 54°58 54°63 
S (12) 58°36 34°97 58°72 58°91 
8 (13) 61°72 37°95 62°25 62°55 
8 (14) 64°77 41:09 65°72 66°17 
8 (15) 67°54 44°01 68°7 69°32 
8 (16) 72°17 48°84 73°21 74:09 
8 (17) 76°08 54°28 77°65 78°77 
8 (18) 79°33 57°35 79°67 81°09 
8 (19) 82°00 61°98 82°41 84°18 
(20) 85°85 67°42 84°94 87°14 
8 (21) 88°57 71°81 85°57 89°02 

Serum 82°84 


Exp. VII. Dog, body-weight 15°9 kilos. Anesthetised with 4.c.z. 
mixture. No morphia. Both thyroids much enlarged. Aortic thyroid also 
enlarged. Sp. gr. of defib. blood 1065°9, of serum 1023°6. 

Centrifugalised 71°4 c.c. of defibrinated blood immediately after it was 
drawn from the carotid. Took off 28°3c.c. of clear serum. Found in 
sediment by colorimetric method 4°7 c.c. Total serum, 33:0 c.c. in 71:4 ac. 
of blood = 46°21 cc, serum in 100 c.c. of blood. Serum in 45°4 c.c. of 
sediment after second centrifugalisation 6°9 c.c.; or 15:2.cc. in 100 cc. of 
sediment, Determined percentage of serum in defibrinated blood, sediment 
and 14 dilutions of sediment by electrical method. Thus 
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¢.¢. serum in ¢.¢. serum in ¢.c. serum in 

100 c.c. blood 100 c.c. blood 100 c.c. blood 

by colorimetric calculated calculated by 

method _ (5°) x 108 formula (1) formula (2) 

8 15:2 7°46 15:03 14°79 
8 (1) 22°90 11°24 22°07 21°78 
8 (2) 29-90 15°22 29°07 28°78 
8 (3) 36°27 19°02 35°37 35°11 
8 (4) 42°06 22°88 41°38 41:18 
Defib, blood 46°21 26°13 46°15 46°02 
8 (5) 47°32 26°80 47°10 46°99. 
8 (6) 52°17 30°65 52°34 52°35 
8 (7) 56°57 34:07 56°67 56°81 
8 (8) 60°56 37°84 61°10 61:42 
8 (9) 64°18 41°29 64°85 65°31 
$(10) | 67°46 44°55 66°93 68°74 
8 (11) 70°43 47-65 71:03 71°65 
8 (12) 73°13 50-40 73°30 74°26 
8 (13) 77°44 55°11 76°86 78°12 
8 (14) 81°06 . 59°23 81°10 81:07 


Exp. VIII. Comparison of colorimetric method, electrical method, and 
Hoppe-Seyler’s method. Dog, body-weight 11:3 kilos. Anssthetised with 
A.C.E. mixture, No morphia. Obtained blood from carotid. Defibrinated a 
portion, and let the rest clot. Sp. gr. of the defibrinated blood 1055°3 ; sp. 
gr. of serum 1023°3. 


Colorimetric method. Duplicate determinations made. 

Tube A. Quantity of blood taken 36°0158 grm. =34'128 c.c. Centri- 
fugalised 45 minutes. Took off 19:169 grm. serum = 18732 c.c,; 0°150 grm. 
of the sediment was thrown away. Dissolved 0°24 grm. hemoglobin (not 
recrystallized, but repeatedly washed with cold 20 per cent. alcohol before 
drying) in 20 c.c. of the clear serum. (The serum was obtained by mixing 
clear serum from tubes A and B.) Added 4:97 grm. of the filtrate to the 
sediment remaining in tube A. Mixed, and again centrifugalised. Took off 
from A 4:9877 grm. of tinged serum free from corpuscles, Found by colori- 
metric comparison that the sediment of A must have contained 1°35 c.c. 
serum after removal of the first portion of serum. The total serum in 
34-128 c.c. of blood is therefore 20-082 c.c. or 58°843 c.c. in 100 cc, of blood. 

Tube B. Quantity of blood taken, 40°5223 grm. = 38°304 c.c. Ocentrifu- 
galised at the same time as A and for the same length of time. Took off 
21-2744 grm. serum, Added to the sediment 4°97 grm. of the same Hb 
solution as was added to tube A. Mixed and centrifugalised again at the 
same time as A and for the same length of time. Took off 4:9197 grm. of 
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tinged serum free from corpuscles. Found by colorimetric comparison that - 
the sediment of B must have contained 2-131 grm. of serum after removal of 
the first portion of serum. The total serum in 40°5223 grm. blood is, there- 
fore, 23'4054 grm., or 22°872 serum in 38304 c.c. blood, i.e. 59°711 c.c. 
in 100 ¢.c. of blood. 

Mean of A and B, 59°277 c.c. serum in 100 c.c. blood. 


Hoppe-Seyler’s method. Weighed portions of blood and serum, and 
the serum-free sediment of a weighed portion of blood, were precipitated with 
4 times their volume of 95 per cent. alcohol containing a little acetic acid. 
After standing 15 hours in the cold, the precipitates were collected on 
weighed ash-free filters, washed on the filters first with 95 per cent. alcohol, 
then repeatedly with separate portions of hot absolute alcohol, then repeatedly 
with several portions of ether, then with a little 95 per cent. alcohol to 
remove the ether, then repeatedly with hot water. They were then dried at 
110°C. to constant weight, and finally incinerated and the ash estimated. 
The first filtrate was evaporated to dryness on the water-bath, the residue 
stirred up with the absolute alcohol and ether washings, and then collected 
on small, weighed, ash-free filters. The aqueous washings after being heated 
to boiling were passed through the filters, which were then weighed and 
incinerated along with the corresponding main precipitate. Duplicate experi- 
ments were made. 

A. Blood. Quantity taken 10-0372 grm. | 

Proteids and hemoglobin 1-7425 grm. = 17°360 grm. in 100 grm. blood. 

Corpuscles. Quantity of blood taken 8:5068 grm. 

Proteids and Hb 1:2126 = 14°254 grm. in 100 grm. blood. 
Difference between blood and corpuscles 3:106 grm. in 100 grm. 
Serum. Quantity taken 20°‘2342 grm. 
Proteids 1°0976 = 5-424 grm. in 100 grm. 
Serum in 100 blood = x 100 = 57-26 grm. 
Serum in 100 c.c. blood = 59-051 c.c. 


B. Blood. Quantity taken 9°6678 grm. 
Proteids and Hb 1°7043 = 17°627 grm. in 100 grm. blood. 
Corpuscles, Quantity of blood taken 10°9225 grm. 
Proteids and Hb 1°5848 grm. = 14°509 grm. in 100 grm. blood. 
Difference between proteids and Hb of blood and corpuscles 3°118 grm. in 
100 grm. 
Serum. Quantity taken 12-1845 grm. 
Proteids 0°6700 grm. = 5:498 grm. in 100 grm. 


Serum in 100 grm. blood = 5775 


x 100= 56-711 grm. in 


58°480 c.c. in 100 c.c. blood. 
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Mean of A and B 56987 grm. serum in 100 grm. blood, or 58°765 ¢.c. in 
100 c.c. blood. 

Mean of the results of Hoppe-Seyler’s and the colorimetric method 
59°021 c.c. serum in 100 c.c. blood. 


Electrical Method. For serum A (5°) x 10°=81:25. For defibrinated 
blood = 34:58. 


“Substituting in formula (1) we get p= (180 34°58 /3458) 


= 59-388 c.c. of serum in 100 c.c. of blood. 

In the blood in tube A which was used for the colorimetric determination 
there must have been altogether (calculating from the mean of the Hoppe- 
Seyler and the colorimetric results) 20:147 cc. of serum in 34°128 c.c. of 
blood. Deducting what was taken off from A, the sediment of A after the 
removal of the tinged serum must have contained 1°42 c.c. of serum in 
15:25 o.c, of sediment or 9°31 cc. in 100 o.c. 

A series of dilutions of the sediment of A was made with the following 
results. 


Quantity of c.c. of serum _¢.c, of serum 
serum actually in 100 ¢.c. in 100c.c. lated from 
present. c.c. blood calcu- blood calcu- the formula of 
in 100¢.c. lated from lated from § Bugarsky and 

of blood (5°) x 108 formula (1) formula (2) Tangl 

9°31 5-20 11-04 10°87 18-88 

17°86 8°94 18°49 18:27 23°12 

8 (2) 25°45 12°38 25°00 24°78 27°01 

8 (3) 32°18 16°07 31°50 31°43 31°19 

8 (4) 38°36 19°62 37°65 37°51 35°21 

S (5) 43°90 23°17 43°36 43°29 39°23 

S (6) 49-00 26°49 48°37 48-4] 43°99 

S (7) 53°63 29°79 53°07 53°23 46°73 

S (8) 57°81 | 33°36 57°83 58°14 50°77 

Defib. blood 59°02 34°58 59°39 59°73 52°15 

S (9) 61°63 36°48 61:72 62°16 53°07 

8 (10) 68:15 42°68 68-70 69°47 61°32 

8 (11) 73°65 47°92 73°90 74°89 67°26 

8 (12) 78°20 52°81 77°95 79°36 72°79 

8 (13) 81:90 56°97 80°96 82°66 77°50 

8 (14) 84°74 60°50 83°19 85°15 81°50 

8 (15) 88°60 65°84 85°93 88°34 87°55 
‘Serum 81°25 
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The following table shows the extent of the variations in the percentage of 
serum in the blood of 30 dogs. The results are taken at random from among 
observations which I possess on more than 100 dogs. A few observations are 
added on the rabbit, hen and goose. 


Defib. blood calcu- 
Serum blood by 
d(5°)« 108 2(5°)x 10° formula (1) 


83°66 33°67 56°56 Sp.gr. blood 1057 serum 1024-3 
80:99 41°69 67°86 

80:73 3470 59-92 

85:35 5259 74-03 

84°78 31:97 53°68 

81:25 31:97 56:02 

83°66 32°58 55:19 

8151 28:04 50°44 Sp.gr. blood 1060-7 

80:99 3376 5854 , ,, 1057-0 

10 8204 3986 65°01 ,, 1050°3;sp.gr.serum 1022°8 
13 8284 2874 5061 ,, ,, 10608;-,, § 1023-4 
17 82°57 33°80 57°46 

18 86°32 47°74 68°91 

19 82:04 39:18 64-03 

20 80°22 2891 52:49 

21 8652 42°97 64:79. 

22 93°89 45:11 61°57 

23 85:35 2278 40°68 

24 8312 2313 42°34 

25 84°22 3596 «58-93 

26 85°64 2217 39°63 

27 80°22 25:10 4689. 

28 7873 38°70 66°39 

29 79°22 2901 53°32 

30 79°47 2461 46°58 
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c.c. of serum in 


100 c.c. blood 
No. of Serum Defib. blood _caloulated from 

animal (5°) x 10° 10° ‘formula (1) 
Hen dl 102°63 48°84 59°08 
2 7 49°32 69°51 
Goose 1 80°73 26°43 «48°58 

Rabbit 1 80°22 41°69 68°51 
2 ; 75°90 38°24 67°91 


SUMMARY. 


- 1, The relative quantity of corpuscles and serum in defibrinated 
blood can be determined by adding to a definite quantity of the blood 
a known amount of a solution of hemoglobin in the serum of the blood, 
centrifugalising and comparing the concentration of the hemoglobin in 
the serum and in the original solution. 


2. The relative quantity of corpuscles and serum in defibrinated 
blood can be determined by measuring the electrical conductivity of 
the blood and serum, and psa the values in the formula 


or in the formula 
_ 
he 
where Ag is the conductivity of the blood at 5°C.x 10%, Aw the 
conductivity of the serum at 5°C.x 10°, and p, the number by c.c. of 
serum in 100 cc. of blood. 


3. In the dog the quantity of serum has been found to vary in 
different individuals from 40 to 74 per cent. of the total volume of the 
blood. 
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THE PHYSIOLOGICAL EFFECTS OF “PEPTONE’”’ 
WHEN INJECTED INTO THE CIRCULATION. By 
W. H. THOMPSON, M_D., F.R.C:S. Eng. 


Part II. The Influence of Purified Peptone, of Antipeptone, 
and of Proteoses, on Blood Coagulation and on the Vaso- 
Motor System. (Eight Figures in Text.) 


(From the Physiological Laboratory, Queen’s College, Belfast.) 


1. INTRODUCTORY AND HISTORICAL. 


THE work, of which the following paper gives an account, is an 
extension of a previous investigation into the effects produced by the 
intravascular injection of Witte’s “peptone” upon blood coagulation 
and the vasomotor system’. 

It seemed desirable, in the light of the new facts then obtained, 
that the action of the various constituents which go to make up 
Witte’s “peptone” should be reinvestigated, and hence the origin of 
the present research’. A short abstract giving some of the facts, herein 
to be detailed, was communicated to the British cabaregecta at Toronto 
in 1897°. 

Up to the time of commencing this research few investigators had 
occupied themselves with the differential effects produced by the 
various proteoses and peptone. 

Fano‘ appears to have been the first who directed his attention to 
this aspect of the question. He studied the behaviour of peptic 
peptone and of tryptone (antipeptone) towards blood and lymph. 
Amongst matters noted by him which have a special bearing upon the 
present contribution it may be mentioned that in 6 per cent. of his 


1 Thompson, W.H. This Journal, xx. p. 455. 1896. 

2 The expenses of this research were in part met by grants from the British 
Association and from the Royal Society. 

* Thompson. British Association Reports, 1897, p. 531. 

Fano, Archiv f. Physiologie, 1881, p.277. 
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PEPTONE AND CIRCULATION. 


experiments with peptic peptone, blood coagulation was not retarded. 
Whether it was accelerated in any or all of these he does not seem 
to have observed. Again, he found that tryptone had no effect on 
the same process. But here also the possibility of an accelerating 
effect evidently did not occur to him. 

Pollitzer? next studied the effects of different albumoses and 
_ peptones. He found that all the albumoses possess anticoagulating 
properties, heteroalbumose being the most potent in this respect. 
With amphopeptone his results were inconstant. Out of seven experi-— 
ments, coagulation occurred normally in three, while in the remaining 
four—all made on the same dog—this process was retarded more or | 
less. The differences did not depend on feeding. Antipeptone ac- 
cording to this observer exerts no retarding influence on blood coagu- 
lation. 

Pollitzer also found that all of the substances he used, with the 
possible exception of antipeptone, exerted a lowering influence on blood- 
pressure. Heteroalbumose was again the most active in this respect, 
while amphopeptone was the least so. The latter substance also 
contrasted with the albumoses in never producing a fatal result, no 
matter how large the dose employed if the kidneys were active. 
Albumoses on the other hand were invariably fatal if a sufficient 
quantity had been injected. The action of antipeptone was in this 
respect also doubtful, but only two experiments were performed with it. 

Meanwhile Brieger? discovered the poisonous substance which he 
named “ pepto-toxin,” in peptic digestion mixtures. 

Salkowski* however showed that albumoses and peptone produce 
their usual effects on coagulation and blood-pressure when obtained 
pure. He also demonstrated that Brieger’s pepto-toxin arises only when 
putrefaction is allowed to occur. 

About this same time a research appeared from the bande of 
Boulengier, Denaeyer, and Devos‘. They ascribe the toxicity of 
peptone chiefly to adhering substances. Lethal effects are however 
evidently referred to, and they directly state that pure peptone is not 
toxic except in very large doses. 


1 Pollitzer. This Journal, vit. p. 288; also Pollitzer u. Kiihne, Verh. d. Nat. 
Hist. Med, Ver. 2. Heidelberg, N. F. mt. p. 286. 

2 Brieger. Zeitschr. f. physiol. Chemie, vu. p. 274. 

3’ Salkowski. Virchow’s Archiv, 124, s. 409. 1891. 
* Boulengier, Denaeyer, et Devos. Mém. de V Acad. Roy. de Méd. de Belgique, 
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Grosjean’ in the following year (1891) carried out an investigation 
into the effects of peptone and propeptone—a mixture of different 
albumoses. He found that peptone retards, but in contrast to pro- 
peptone never wholly abolishes, the coagulability of blood in the dog. 
The effect of the former substance on blood-pressure was also much less 
than that of propeptone. 

Shore’, in this year also, traced the fate of peptone introduced, or 
caused to pass in different ways into the lymphatic system. He found 
it either to enter the urine, or to be recoverable unchanged from the 
lymphatic vessels, and concluded that neither the cells of lymphatic 
glands, nor those of the spleen, nor even those of the liver, exert any 
influence on peptone passing through the organs in question. 

Of still more recent workers Spiro and Ellinger® have obtained 
results which — upon some of my own, These will be referred to 
later. 

Lastly, Chittenden, Mendel, and Henderson‘ have published the 
results of an enquiry into the comparative effects produced by various 
proteoses and peptones on blood-pressure, blood coagulation, &c, They 
agree with Pollitzer that heteroproteose is the most potent of this 
group in causing vascular depression. Their work largely concerns 
other matter than that which is dealt with in the present paper. One 
point however I can abundantly confirm, viz., that there is no necessary 
relationship between the extent of vascular dilation and the clot- 
retarding power whiten a given substance may 


2. METHOD OF INVESTIGATION AND SUBSTANCES EMPLOYED. 


Throughout the present research attention was primarily directed 
to a study of the vasomotor effects of the substances employed. Obser- 
vations were however also made on the influence exerted by the same 
bodies on blood coagulation, but no detailed study of the latter question 
in its various aspects was undertaken. 

The following substances were used, (1) Purified amphopeptone, 
(2) Antipeptone, (3) Deuteroproteose, (4) Protoproteose, (5) Hetero- 
proteose. They were all carefully prepared for me by Dr Griibler 


1 Grosjean. Travaux du Lab, de Léon Frédéricq. 1. p. 45; also Mém. de V’Acad. 
Roy. de Belgique, 1892. 

* Shore. This Journal, x1. p. 528, 1890. 

* Spiro u. Ellinger. Zeitschr. f. physiol, Chemie, xxm1. p. 128. 1897. 

* Chittenden, Mendel, Henderson. American Journ. of Physiol. u. p. 142, 1899, 
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according to Kiihne’s directions, with sg. chee suggested by 
Neumeister, Siegfried and others. 

_ I do not however wish to be committed to any view regarding the 
chemical individuality of these substances. 

They were however pure in the sense in Which this word is ordinarily 
applied to these products. Thus the amphopeptone in 2°/, solution 
gave only a faint clouding on the addition of a large quantity of 
saturated ammonium sulphate solution, and remained perfectly clear 
with acetic acid and ferrocyanide of potassium. 

The deuteroalbumose gave no precipitate on the addition of nitric 
acid in a 3°, solution unless sodium chloride had previously been 
added. It likewise remained free from the least trace of clouding on 
the addition of a 2 °/, solution of sulphate of copper. 

The protoalbumose was freely and perfectly soluble in distilled 
water, and after precipitation with acetic acid saturated with sodium 
chloride ; the filtrate gave no further precipitate on saturation with 
ammonium sulphate. 

The heteroalbumose was not quite free from sodium chloride; the 
amount however which it contained was small, and did not vitiate the 
results, inasmuch as a solution of this salt was adopted in many of the 
experiments as solvent for the product in question. It also contained a 
trace of dysalbumose, but this was removed by filtration. 

Dogs were exclusively employed in the research. The animals, 
kept without food for 24 to 30 hours, were first hypodermically injected 
with morphine and atropine. Later, during the operative procedures 
and remainder of the experiment, when necessary, a mixture of ether 
and chloroform was given. In experiments which involved excitation 
of the spinal cord, or of a cerebro-spinal nerve, curare was also ad- 
ministered. This substance was however omitted whenever possible. 
It appears to exert a certain amount of influence on peripheral 
vaso-mobility which tends to mask the effects of substances such as 
were studied in the present investigation. 

The product under observation was injected into a peripheral vein 
—for the most part, the external saphenous—dissolved as a rule in 
normal salt solution. For heteroalbumose various solvents were tried, 
viz. 0°5 °/, solution of sodium carbonate; 0°2°/, solution of caustic soda ; 
2°/, solution of sodium chloride; and lastly water with a few drops of 
liquor ammoniz, the excess being driven off by heating. 

Of all these solvents sodium chloride was found to be the most 
satisfactory. A very serious objection applies to alkalis used for this 
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purpose, viz., that they may very largely hinder the blood-pressure effect 
of albumoses. With careful employment of ammonia this objection does 
not very strongly apply, and Chittenden, Mendel, and Henderson’ 
have obtained good results in using this solvent. 

Blood-pressure was recorded, by means of a mercurial manometer, 
from the carotid artery. | 


3. EFFECTS ON BLOOD COAGULATION. 


The method employed was the same for all substances. Prior to 
the injection, blood was drawn from a cannula placed in the femoral 


artery and received into a clean, dry test-tube. Coagulation time was 


then noted; this being taken as the period elapsing till the coagulum 
was sufficiently firm to allow of inversion of the test-tube. The 
cannula was then removed, cleansed, dried and replaced, or a fresh one 
inserted, preparatory to a second withdrawal of blood. This was made 
in or about ten minutes after the injection. The coagulation of the 
second sample was observed in the same way. 

(1) Peptone. Two forms of purified amphopeptone were used, 
viz. that made according to Kiihne’s directions, and that prepared 
according to the modifications introduced by Grosjean*. The results 
with both were identical. 

In all cases a retarding effect followed the introduction of this 
substance into the circulation, similar to that caused by albumoses. 
Twelve experiments were performed with doses ranging from 0°2 grm. 
down to 0°005 grm. per kilo of body weight. 

The blood was kept under observation for variable periods of time 
and only in two cases was coagulation seen to occur within two hours. 
In others it had occurred next morning. In several, a partial coagula- 
tion occurred within a short period of time, but not sufficient to allow 
of inversion of the test-tube. If the formation of this clot were 
interfered with by movement of the test-tube or otherwise a fibrinolysis 
seemed to occur. The blood in such cases was found to be completely 
fluid next morning. 

My earlier results, already published in the abstract before alluded 
to, seemed to confirm those of Grosjean, who found with his pre- 
paration that the coagulability of blood, though retarded, was never 
completely annulled, by purified peptone. In later experiments, how- 
ever, some of the samples of blood showed no attempt at coagulation 


2 op. cit. 2 op. cit 
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whatever, within the period of observation. It is possible that the — 
time of year may have occasioned a difference in the results. All my 
earlier experiments were performed in summer, the later in winter. 
The following table gives details of the experiments. 


Taste 1. Showing the coagulation-effects of purified peptone. 
Weight of Dose Coagulation 
dogin per kilo time of Coagulation time of 
Exp. kilos in grammes normal blood peptone” blood 


(a) Kiihne’s peptone, 


36% 0:2 “5m. 30s. not in 1} hrs. coag., next morning 
2. 122 0:2 45 not in 5 hours 

3 0-02 6 15 not in ¢hr., not next morning 

4 


15-7 0-01 1 40 never firmly, soft coagulum in hr. 
Grosjean’s peptone 


| 0-2 8m. 40s. not in br., coag. next morning 

7 1845 02 8 45 not in 14 hours 

“4 45 not in hour 

9 0:05 5 25 not in 1 hr., coag. next tnorning 
10. +65 0-02 5 20 soft coag. in 20 min., never firmly 
il 76 0-01 9 50 not in 40 min., not next morning 

“12° 486 0005 6 415 %min. 15secs. | 


One other noteworthy effect appeared in the samples of peptone- 
blood drawn in several of the above experiments. This was an un- 
usually rapid sinking of the red corpuscles. Within half-an-hour, 
plasma to the extent of one-third of the whole blood drawn appeared 
above the corpuscles. This was increased to almost one-half within an 
hour, after which very little further subsidence occurred. It was in 
this condition that the blood and plasma coagulated. 

It is also considered remarkable that only one phase of the influence 
produced by Witte’s peptone on blood coagulation—viz. the phase of 
retardation—was observed. The possible occurrence of a phase of 
acceleration, with the employment of very small doses, was sought for, 
but without-result. No other influence than retardation appeared. 
This is all the more conspicuous since amphopeptone, as will appear; 
stands alone in this respect. With all the other substances a phase 
of acceleration was observed. With antipeptone, only acedierayon 


resulted. 
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(2) Anttpeptone. As.mentioned above, neither Fano nor Pollitzer 
found that “tryptone” (antipeptone) had any influence upon blood 
coagulation. It is probable however that the preparations used by 
these workers were not wholly free from contamination with albumoses. 

- During the progress of this research, however, and after most of the © 
results herein to be given were obtained, a paper appeared from the 
hands of Spiro and Ellinger (op. cit.) in which they announced that 
antipeptone causes a marked hastening of blood coagulation, and that 
this effect was the only one when the substance was pure, My results 
agree in the main-with theirs. Ordinary doses of antipeptone (up to 
03 grm. per kilo) almost invariably produce &n acceleration of clotting 
in dog’s blood. In one of my experiments with the above dose coagula- 
tion was virtually uninfluenced. And this latter has been the result in 
three experiments performed with the same quantity by Chittenden, 
Mendel, and Henderson. It may therefore be taken, that the 
normal influence, exerted by antipeptone upon blood coagulation, is 
one of acceleration. 

It has however been recently placed beyond question by the 
important work of Kutscher’, that antipeptone can no longer be 
regarded as a simple substance, but on the contrary that it is composed 
of a number of crystalline bodies, chiefly hexonebases. Amongst these 
lysin and arginin take the chief place. To which of the constituents 
in question the physiological effects of Kiihne’s product are to be — 
attributed has yet to be worked out. The following is a tabular state- 
ment of my 


TABLE 2. Showing the coagulation-effects of antipeptone. 


Exp. __ kilos blood 
1 15:1 0°2 3m. Os, 2m, 50s. 
2 23°95 0-1 5 60 2 45 

4 12°2 0-2 9 30 2 0 
5 8-7 0:2 4 0 2 50 
6 9°85 0°3 3 30 3. 55 
7 13°4 0:2 7 30 2 20 


1 Kutscher, Fr, Zeitsch. f. physiol. Chemie, xxv. p. 195, and “ Die End-Produkte 
der Trypsin-Verdauung” (Habilitations-Schrift), 1899. Strassburg, Karl J. Tribner. 
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That the influence exerted upon blood coagulation by such sub- 
stances as are here dealt with, is a secondary one, which will not occur 
in the absence of a liver, may I think also be confidently accepted. 
This has been proved so far as the clot-retarding influence is concerned, 
by the work of Contejean', as also that of Gley and Pachon’, 
Further it appears to be probable that the anticoagulating substance 
produced by the liver under the influence of “peptone” is not an 
immediate derivate of the peptone. It is held on the contrary by 
Delezenne® to be derived from leucocytes which are destroyed in 
large numbers by albumoses, and albumose-like bodies when intra- 
venously injected. In formulating his theory, Delezenne accepts the 
views of Lilienfeld‘ regarding blood coagulation. Briefly these are, 
that two substances, with divergent coagulating properties, result from 
the breaking down of leucocytes—the one (leuco-nuclein) clot-forming, 
_ the other (histon) clot-retarding. Delezenne further believes that 
the anticoagulating substance found in peptone-blood after it has 
traversed the liver, is none other than the above-named histon, derived 
with its fellow-body from the broken-down leucocytes, and allowed to 
pass on by the organ in question, while the leuco-nuclein is seized and 
_ retained behind. 

It appears to me that the substance, antipeptone, with which we are 
now dealing, offers a convenient means of testing the validity of the 
above views. Since this body does not in ordinary doses possess 
- anticoagulating properties, indeed the reverse, it must be shown either 
that no leucolysis is produced by it or. that on the contrary such an 
amount of leuco-nuclein is set free that the liver becomes surcharged 
with this substance, and is no longer able to remove it from the 
circulating blood. If neither of these points.be established it is diffi- 
cult to see how the theory can be finally accepted. 

(3) Deuteroproteose. With this substance both phases of eich: 
tion-effect. were observed. Twelve experiments were performed in 
which blood coagulation was examined. In four of these a decided 
hastening influence manifested itself. They are given in the following _ 
table. 


1 pe a Archives de Physiologie, 1895; also Compt. Rend. de la Soc. de Biolog. 
1895, p. 93. 

2 Gleyand Pachon. Ibid.; also Compt. Rend. de la Soc. de Biolog. 1895, p. 742. 

3 Delezenne. Archives de Physiologie, 1898, p. 568. 

4 Lilienfeld, Zeitsch. f. physiol. Chemie, xx. p. 89. 1895. 
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TABLE 3, Showing the hastening of deuteroproteose. 


Weight of § Dose Coagulation time 
dog in kilo Normal 
Exp. kilos grammes time 
1 0-05 12m. Os. 3m. Os. 
2 14:0 0:2. 5 0 1 30 
3 03 9 30 1 
4 14:3 0°2 4 40. 4 5 3 


In the remaining eight experiments coagulation was retarded, in 
some markedly so. They are as follows. 


Taste 4, Showing the retarding coagulation-effect of deuteroproteose. 


Weight of Dose per Normal — Coagulation time 
dog in kilo’in coagulation after 
Exp. kilos grammes time deuteroproteose 
1 8°5 0-1 10m. 0s. next morning 
2 «94. 0°075 28 
12°6 0-1 6 30 
4 1841 01 7 30 —__ soft coag. next morning 
(twice) 
0-2 5 50 partially after 2} hours 
6: 0:2 4 45 not after 3 hrs., coag. next day 
7 6-6 0-2 9 40 not after 3} hrs., coag. next day 
0:2 7 55 notin l}hours 


It will be observed that the question of dose does not wholly 
explain the dissimilar results shown in the above two tables. In 


_ different experiments one and the same quantity gave opposite effects. 


Some other factor must therefore come in—so far not determined— 
to explain this want of concordance. Pollitzer' has shown that such 
differences do not depend on feeding, and in the meantime we must 
content ourselves with attributing them to idiosyncrasy on the part 


of the animal. It may prove of interest however to indicate that 


these two coagulation-cffects taken together form the counterpart of 
Wooldridge’s* ‘positive’ and ‘negative’ effects obtained with so- 
called tissue fibrinogens. 


1 Pollitzer. op. cit. 
* Wooldridge. Proceedings of the Royal Society, Sioniak: 1886, 
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In my original experiments with Witte’s peptone’ it so happened 
that an acceleration effect appeared only with the employment of very 
small doses. I have since seen reason to believe that a more extended 
series of observations with larger quantities would have revealed a not 
inconsiderable proportion of divergent coagulation-effects from one and 
the same dose. This in fact was foreshadowed by the research in 
question, and Stewart? has since obtained a hastening effect with 
doses as high as 0°5 grm. per kilo of body weight. 

Lastly, Gley and le Bas’ have also obtained hastening effects, though 
not very pronounced, when employing small doses of Witte’s peptone in 
a research on the subject of peptone immunity. These authors place 
the limit for the lowest dose of Witte’s peptone which will cause in- 
coagulability at 0°015 grm. per kilo. This fairly well — with 
the limit I had previously given, 0:02 grm. per kilo. 

(4) Primary Proteoses. Both phases of coagulation-effect were 
likewise observed with the two primary proteoses. Six experiments 
were performed with protoproteose in which coagulation time was 
observed. In two of these the process was accelerated, in the re- 
maining four retarded. 

With heteroproteose seven experiments were performed, five of 
which manifested a retarding effect, the remaining two showing accele- 
ration. Herewith are appended tables giving esas for both these 
substances. 


TaBLE 5. Showing the hastening coagulation-effect 
The first two experiments were made with protoproteose, the other two 
with heteroproteose. 


Weight of | —_ Normal Coagulation 

in kilo coagulation time after 

Exp. i grammes time ‘proteose 

0-1 10m. 458. Om. 45s. 
0-2 6 5 2 26 
3 8-9 0:15 7 30 
4 10:0 0-2 8 0 6 20 


2 Thompson. op. cit. 
4% S8tewart,G.N. Manual of Physiology, 3rd ed. 1898, p. 189. 
+ Gley andle Bas. Archives de Physiologie, 1897, p. 848. 
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TABLE 6. Showing the retarding coagulation-effect of the primary proteoses. 
with heteroproteose. 


Weight of Dose per Normal Coagulation time 
dog in kilo in coagulation after 

Exp. _ kilos grammes time | proteose © 

1 75 0°15 27 m. 308. next morning 

0-2 16 not in 4 hours 

3. 11:25 02 11 = 30 not next day 

a 0-2 9 0 soft coagulum 45 mins. 

5 10°15 0:3 22 45 107 mins. 30secs. 
0:2 ‘16 not in 1 hr., badly next day 
7 4 5 mins. 5 secs, 

8 8-0 ig RO not in 1} hr., coag. next day 


_4, EFFECTS ON BLOOD-PRESSURE AND ON. VASO-MOBILITY. 


In carrying out the following comparative analysis of the vaso- 
motor effects caused by purified forms of peptone and by the different 


_ proteoses two objects were distinctly kept in view. In the first place 


it was determined whether the substance under observation possessed 
any vaso-dilating influence, and if so to what extent this influence was 
manifested. Such experiments were carried out in the usual way by 
recording carotid blood-pressure, and observing the effect upon this of 


a given dose of peptone or proteose. - 


But, in the second place, the direct influence of the substance in 
question upon vaso-mobility was tested. In accomplishing this object 
a slight departure was adopted from the method previously employed 
for a similar purpose with Witte’s peptone’. In the latter case a 
constriction of the vessels was set up and maintained by excitation of 
the spinal cord or splanchnic nerves, after previous section. During 
this condition Witte’s peptone was injected into the venous system, 
with the result that the constriction of vessels was at once annulled, 
and gave way to great. dilation, notwithstanding the continued 
generation of vaso-constrictive impulses by the excitation. These 
were now however wholly ineffective. In the majority of the following 
experiments stimulation was not kept up during the injection. But 
instead, the results of an excitation of given strength were first 

1 Thompson. op. cit. 
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recorded. The current was then shut off and the peptone or albumose 
introduced. When the full effects of the substance were manifested, 
the spinal cord or nerve, as it happened to be, was again excited with 
the same strength,of current. The plan consisted, shortly, in a 


comparison of the effects upon the peripheral vasomotor mechanism, 
of two excitations of the same strength, the one made before the 


injection, the other after. 

Though several experimenters, to wit, Pollitzer, Grosjean, and 
recently, Chittenden, Mendel, and Henderson, have made observa- 
tions on the general vaso-dilating influences of substances such as are 
here dealt with, no previous investigator, so far as I can discover, nes 
directly tested their effects upon vaso-mobility. | 

In accordance therefore with the two aspects of the question it is 
thought desirable that the following experiments on blood-pressure 
should be dealt with under two headings. The first section will treat 
of the simple observations on blood-pressure, in which no vasomotor 
excitation was carried out: the second with those experiments in which 
vaso-mobility was tested before and after the influence of an n albumose 
or peptone was exercised. 


" Section 1, Influence on Blood-pressure. 


_ (1) Amphopeptone. This product was found to possess, to a very 
considerable degree, the power of lowering blood-pressure in the dog, 
even in doses as small as 0°01 grm. per kilo of animal weight. Its 
influence however is neither so great nor so prolonged as that of 
Witte’s peptone in corresponding amount. ‘With a moderate dose 
(02 grm. per kilo) the fall is immediate and rapid, the return also 
relatively rapid. With this quantity the pressure has usually almost 
regained its original height at the end of fifteen minutes, and with 
smaller doses in a shorter, though not correspondingly shorter period. 
_ The accompanying figure shows the result of a typical experiment. 
It will be observed in the tracing that the blood-pressure did not 
quite resume its old level. This is a very constant effect for any 
but the smallest doses. Another equally constant result is a secondary 
fall, after such an amount of return as is shown here. The secondary 
fall is however slight in comparison to the primary, nor is it peculiar to 
the influence of amphopeptone. All the albumoses present the same 
effect. Even antipeptone, whose influence, as we shall see, is otherwise 
different, manifests an analogous late decline of pressure. Grosjean, 
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I believe, first. called attention to this secondary fall in the case of 
amphopeptone. 


‘Fig. 1, showing the effects of amphopeptone (0°2 grm. per 
on blood-pressure, 


In the employment of small doses the effects in some particulars 
contrast with those of larger to a very marked degree. The length of 
latent period which elapses in the former case after the injection, and 
before the fall of pressure sets in, is much greater ; likewise the decline 
of pressure is far more gradual. . The whole, in fact, is suggestive of 
the production of an adjuvant, which takes part in the vascular 
depression. 


Fifteen blood-pressure experiments in all were votkecnad with 


purified peptone. In the majority the preparation of Grosjean was 


employed, in the remainder that of Kiihne. The results obtained with 
both forms were however exactly similar and bear out those already 
recorded by Grosjean. 

(2) Antipeptone. In its effects on blood-pressure this substance 
stands forth in marked contrast to other members of the group employed 
in the present research. The importance of this fact is enhanced when 
it is borne in mind that the influence of antipeptone on blood coagula- 
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tion is also exceptional, The substance is further singular in that it 
does not produce the usual narcotic effect brought about by other 
bodies of this class. 

In the following experiments it has been found, that with doses as 
large as 0'2 grm. per kilo, no immediate fall of blood-pressure, to any 
appreciable degree, occurs as a rule. When such does appear it is very 
slight and exceedingly transient in nature. Indeed in most cases, 
blood-pressure, soon after the injection, ascends, and remains for a time 
above its original level. As already mentioned, however, a late fall 
sets in, agreeing with the common effect which follows the injection 
of all such substances. The tracing herewith given shows the effects 
now alluded to. 


Fig. 2. Parts of tracing from Exp. 7, Table 2, showing the influence of 
antipeptone (0°2 grm. per kilo) on carotid blood-pressure. 


Previous to the publication of the abstract before referred to no 
observer, so far as I am aware, had definitely settled the nature of the 
_ vasomotor effects produced by antipeptone. Pollitzer' however had 
evidently noted that the influence of his tryptone, in this respect, did 
not agree with that of albumoses. His experiments were very few, and 
he merely states that its action is doubtful. Spiro and Ellinger in 
_ the paper before referred to also state that they have found essential 
- differences between antipeptone and albumoses in their action on 
blood-pressure, but do not indicate what these differences are. There 
can be little doubt notwithstanding that they allude to the point under 
discussion. Recently my results have been fully corroborated by 
Chittenden* and his co-workers in their paper published at the 
beginning of the present year. It must be borne in mind however 
that by the work of Kutscher’ already referred to it is shown that 


2 op. cit. 2 op. cit. 
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antipeptone is a complex substance, and therefore that 
into the effects of its components must of necessity 
That these will probably prove to differ amongst each 
indicated by the fact that some difference is seen in t 
of large doses as compared with those above record 
larger, a fall of pressure—very temporary however—is ' 

Some of my experiments were performed with anti 
supplied to me by Prof. Siegfried. This was the pur 
obtainable, and my best thanks are due for his goodne 
The results yielded agreed with those of Griibler’s pr 
according to Siegfried’s directions. _ 

(3) Deuteroproteose. This substance, in my hands, 
what more profound vaso-dilating influence than di 
peptone. The difference was however not very ms 
employed deuteroproteose in doses varying from 0°05 


Fig. 3. Tracing from Exp. 7, Table 4, showing the extent and du 
of deuteroproteose (0°2 grm. per kilo) on carotid blood-p 


kilo of animal weight and all of these doses produced 
lowering of blood-pressure, Fourteen experiments vy 
The tracing here given shows the effects of a dose of 0°2 

In the above experiment the return of blood-pre 
_ paratively rapid, almost as rapid as with a corresp 
amphopeptone. Thus blood-pressure had in this traci 
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returned towards the normal within a period of 
> majority of the experiments, however, showed a 
return than that here given. 

from the foregoing that the vaso-dilating inf uence 
less than that of Witte’s peptone in similar doses, 
ave not therefore yet arrived at the most potent 
ompound., 

cperimented with deuteroproteose and arrived at 
in the main with those here recorded. 

oteoses. That one or both of the primary proteoses 
e chief vaso-dilating constituent or constituents of. 
1 naturally be deduced from what has been learned 
ously mentioned components. Direct experiment 
uestion placed the matter beyond doubt. But of 
eoses it is difficult to say which is the more active. 
ly stated, and later Chittenden and his col- 
hout hesitation placed heteroproteose first in this 
ole I am inclined to disagree with these state- 
n of this body falls so little behind that of proto- 
ide difference can be said to exist. A great gap 
| this respect. even heteroproteose from the class of 
‘his fact is still more clearly manifested by the 
he two sets of bodies on vaso-mobility, as tested by 
ervous excitation. 

se Six experiments have been performed in whitch 
ood-pressure was observed. The doses employed 
02 grammes per kilo of animal weight, and all 


xp. 3, Table 6, showing the extent and duration of the effects 
protoproteose on carotid blood-pressure. ’ 


390 


yielded consistent 
from one of the e: 

Contrasting t 
seen that the fal 
while the return 
case of deuteropr 

With heterop 
varying from 
indicated the ef 
Alkalinity prever 
occur. 

The tracing | 
per kilo, dissolve 


The nature ¢ 
bring about va 
foregoing series 
are here given 
with the excep 
effect, similar 
That is to say 
abolishing the 
nervous impuls 


4 
“by 
Gu 
i 
4 
4 
5 
a 
A 
4 
x 
4 
4 a 
¥ 
4 
¢ 
x 
3 
> 
ig ig 
(0°2 
j 
ic 
y 
‘ 
a “a 
4 
4 
4 
| 
j 


W. H. THOMPSON. 


consistent results. The accompanying Fig. 4 gives a tracing 
e of the experiments with a dose of 0°2 grm. per kilo. 

trasting the above with the deuteroproteose tracing it will be 
at the fall of pressure more nearly approximated the base line ; 
he return to normal occupied double the time required in the 
deuteroproteose, viz. about 30 minutes. 

h heteroproteose seven experiments were performed, the doses 
from 0°1 through 0°15 and 0:2 to 0°3 gm. per kilo. As before 


dd the effect varies a good deal with the solvent employed. — 


ity prevents to a great degree the fall which would otherwise 


tracing here given represents the effects of a dose of 0°2 grm. 
», dissolved in sodium chloride. 


. Tracing showing the extent and duration of the effects of heteroproteose 
‘2 grm. per kilo) on carotid blood-pressure, Dog 7°5 k. morph-atropine. 


Section 2. Influence on Vaso-mobility. 


nature of the influence by virtue of which the above substances 
about vascular dilation was concurrently examined with the 
ig series of experiments. For convenience however the results 
e given collectively. And it may be at once stated that all, 


1e exception of -antipeptone, were found to have a peripheral 


similar to that previously established for Witte’s peptone. 
s to say, all possess the power of reducing or temporarily 
ing the vaso-mobility which occurs in response to constrictive 
impulses. 
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ich this power is exerted differs, as may be 
erent products, but generally it may be said 
case of any given substance with its power 
jure. 
phopeptone and deuteroalbumose, never com- 
se to vaso-constrictive impulses except for a very 
on the contrary—to which class belong proto- 
so for a considerable length of time. 

» other hand, was not found to exert any de- 
yaso-mobility. If anything, a slight exaltation 
ved its injection, which corresponds with the 
lon of blood-pressure, as a rule, soon follows the 
series of experiments, the great splanchnic nerves 
. electrodes and divided. At a given moment 
with a faradic current sufficiently strong to cause 
carotid blood-pressure. The substance under 
njected. After this had produced its effect the 
nore excited with the former strength of current 
aratus unaltered) and the result again observed. 
ther repeated, as a rule at intervals of every two 
eriod of time. | 
ings which for the most part are self-explanatory. — 


blood-pressure, showing the effects of excitation of both 
e and after an injection of amphopeptone (Grosjean). 
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one, 

tracing is shown an elevation of blood- 
of both splanchnic nerves, the secondary 
ym the primary. Then follows a fall of 
. Immediately after this an excitation of 
esponse, The same occurred two minutes 
minutes later still a response was however 
ter after the lapse of a further interval of 
lar effects were obtained with Kiihne’s 
constant throughout the series. _ 

e effects similar in kind and very little 
» previous substance. The tracing here 
strate this. | 


d-pressure from Exp. 6, Table 4, showing the 
uteroproteose on vaso-mobility, 


re, after division of the splanchnic nerves, 
0 the level shown, by excitation of their 
lat 6cm. During this artificially main- 
proteose—0'2 grm. per kilo—was injected, 
d at the point shown. Notwithstanding 


igure 6 (p. 391) shows the results obtained 
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citation, however, blood-pressure fell quite as much as if it had 
en employed, and hence the effect must be a peripheral one. 
the right side of the tracing are shown the results of repetition 


stimulus, three, five, seven, and twelve minutes respectively after 


ection. 

e conclusions to be drawn, with reqeed to the two foregoing 
ts, when compared with similar experiments in which Witte’s 
e was used, is that both exert the same influence as the latter 
t, but to a much milder degree. The duration of the effects is 
srrespondingly less, in agreement with the results obtained by 
injection, without nerve excitation. 


the experiment here given with deuteroproteose the older method — 


srvation was adhered to. 

) Protoproteose, from the point of view here considered, showed 
more profound effects than either of the two substances already 
ered. This is in harmony with its more powerful influence in 
g a lowering of blood-pressure. Vaso-mobility is in fact com- 
y annulled by this substance for a period of fifteen to twenty 
es, and even then its manifestation is very slight in comparison 
tt shown before the injection. The following tracing makes this 
it, 


Tracing of carotid blood-pressure showing the influence of protoproteose on 
anchnic vaso-mobility. The method of excitation before and after the injection 
8 here adopted. Dose 0:2 grm. per kilo. 


| the left end of the figure i is shown an deuitien of blood-pressure 
ced by splanchnic excitation with the coil at 9. Then follows 
jection, with its attending fall of pressure. The middle part of 
racing shows the absence of effect; with excitation first at 9, and 
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then at 8 cm. distance. An excitation (not shown) with coil at 7 em. 
was also made without result. Finally, the right end of the tracing 
demonstrates a slight elevation of pressure, produced after the lapse of 
fifteen minutes by excitation with the coil at 6. Similar results are 
of constant occurrence. The effects therefore of protoproteose on vaso- 
mobility are much more marked than those of deuteroproteose. Indeed 
I have found that their difference in this respect constitutes a point 
which may be depended upon to distinguish between them. 

(4) Heteroproteose was likewise found to possess a very depressing 
and enduring influence on vaso-mobility, probably rather less pro- 
nounced, however, than that of protoproteose. Excitation of the 
splanchnic nerve commonly gave no effect for some time after the 
injection. 

The results in this respect were much more variable than with 
protoproteose, even when sodium chloride solution was employed to 
dissolve the former product. When alkalis were used the influence 
in some cases was very slight. The effects on the whole, however, 
showed a marked degree of influence on vaso-mobility, in some cases 
greater than that even of — 


5. SUMMARY OF RESULTS. 


I. Influence on Blood coagulation. 

(1) With purified amphopeptone, only a retarding effect on 
blood coagulation was observed. The doses employed ranged from 
0:005 to 02 grm. per kilo of animal weight. 

(2) With antipeptone, only a hastening effect was yielded by 
doses up to 0°3 grm. per kilo. 

(3) With each of the primary and secondary albumoses both 
phases of coagulation effect were obtained. In all blood coagulation was 
hastened in 8 experiments, retarded in 17 experiments. 


IL Influence on Blood-pressure. 


(1) All of the ingredients of Witte’s peptone, with the exception 
of antipeptone, possess undoubted vaso-dilating properties. 

(2) The effect in question belongs to these substances in different 
degrees, the products taking their places in increasing order of potency _ 
as follows—amphopeptone, deuteroproteose, heteroproteose, protopro- 
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(3) Antipeptone possesses practically no immediate lowering 
influence on the tonus of blood vessels, or at most an effect so transient 
that it is doubtful if it’ should not be attributed to some irregular 
ingredient or adhering impurity of this substance. 


Ill. Influence on Vaso-mobility. 


(1) The vaso-dilating influence shown by vehaiee deu- 
teroproteose, protoproteose, and heteroproteose, in agreement with 
that caused by. Witte’s ‘ peptone’ is brought about by a peripheral 
effect on the vessel walls nome a reduction or temporary suppression 
of vaso-mobility. 


(2) The first two substances, while differing little from each 
other, manifest far less effect in this respect than do the primary 
proteoses, The latter exert this influence to a profound degree. 

(3) Of the primary bodies, protoproteose is probably the more 
potent, though not to a wide extent. Heteroproteose indeed spe 
equals in influence its fellow-body. 


(4). Antipeptone possesses no power of depressing vaso-mobility 
consistently with its lack of influence in lowering blood-pressure. 
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PART III]. THE LOCAL VASCULAR INFLUENCES OF 
_'.PEPTONE AND PROTEOSES: EFFECTS ON THE 
INTESTINAL AND RENAL DISTRICTS. (Nine Figures 

in Text.) 


HAVING previously established, in an Ae manner, that the a | 
effects of Witte’s ‘peptone’ are not confined to the vessels of the 
splanchnic region’, but extend also to those of other districts, it seemed 
desirable that a fuller investigation into the local effects produced by 
this and kindred substances should be undertaken’. 

' The present paper deals only with the vessels of the intestinal and — 
districts. 

_ The method of the experiment as regard anwsthetics, etc., was the 
same as that given in Part II. 

All of the products, with the exception of bisisanlibcniion were 
dissolved in normal salt solution (-65 °/, sodium chloride). Of this solvent, 
a standard quantity (4 cc. per kilo of body weight) was adhered to, 
with a maximum of 50 cc. in the case of animals above twelve kilos 
in weight. Heteroalbumose was dissolved for the most part in a 
minimal quantity of 2°/, sodium chloride, the required standard being 
made up with normal salt solution. 


1. EFFECT ON THE INTESTINAL VESSELS. 


The observations were carried out by means of Edmund's modi- 
fication® of the Schafer air plethysmograph. Both the great splanchnic 
nerves were armed with electrodes and divided. The abdominal cavity 
was then opened from the front by an incision in the middle line above 
the umbilicus. Through the wound a considerable length of intestine 
was drawn into the plethysmograph and-passed between the fingers:so 
as to expel any gas from within. Loops of intestine with much gas were 


1 Thompson: This Journal, p. 455. 1896. 


2 The expenses of this research were in part met by grants from the British 
Association and from the Royal Society. 


* Edmunds. This Journal, xxu. p, 380. 1898. 
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discarded, so that for the most part the intestine selected belonged to 
the upper jejunum. At both ends of the intestine chosen, double 
ligatures were placed and the gut divided between, The mesentery 
was at the same time slit, as far mesialwards as possible, and the 
uppermost and lowermost free ends of gut withdrawn from the plethys- 
mograph. These were then replaced in the abdominal cavity. The 
aperture for the vessels was made air-tight with vaselined wool, care 
being taken to avoid compression, and the glass cover applied. This 
latter was securely retained in its place by means of four clips; some 
such device is, I believe, quite necessary to adopt in order to make 
sure that no air escapes. The box was then supported on a retort 
ring attached to a stand, and the whole thickly enveloped in cotton- 
wool. 

’ The record was wake with an ordinary Marey's drum, and side by 
side with this, a tracing of carotid blood-pressure was taken by means 
of a mercurial manometer. 

(a) Witte’s Peptone. A series of preliminary experiments was 
carried out to determine by actual record in this manner the effects 
of Witte’s peptone on intestinal blood vessels. Fig. 1 gives a typical 

tracing from one. of these. 

- In the figure it will be, seen that. corresponding to the earlier 


Fig. 1. Tracing showing the effect which Witte’s peptone (0-1 grm. per kilo) produces 
upon the volume of intestinal blood vessels, compared with the same on nt 
blood-pressure, Dog 12 kilos, morph-atropine, ether-chloroform. , 
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part of the fall of carotid blood-pressure there is a marked rise of the 
plethysmographic lever, indicating a dilatation and distension of the 
vessels of the intestinal loop. Soon however this gives way to a fall, 
which in its turn is followed by a gradual and prolonged rise. The 
secondary fall is in my experience never absent with this mode of 
record: It is to be explained, I have little doubt, by the fact that the 
blood-pressure, rapidly reduced, becomes at a certain point unable to 
keep up the distension of the intestinal vessels within the plethys- 
mograph. There is reasonable certainty that greater resistance is 
offered to the entry of blood into these vessels than into those still 
within the abdominal cavity* 

To partially obviate this factor a sipidilloation of the plethys- 
mograph was soon adopted in which the vessels were brought in at 
the side'of the box, the dog also being placed on his side. In this 
way the adverse influence of gravity working against the filling of the 
vessels under observation was avoided, and as a result, greater dilata- 
tion was shown than in those cases where the dog was kept on his back, 
with the box held in situ above his abdomen. Nevertheless a con- 
tinuous distension, unbroken by a decline, was not obtained. The 
tracing shown in fig. 1 was made in the newer way. 

In the next instance the influence on vaso-mobility was studied, 
the experiment being arranged as before described with the splanchnic 
nerves ready for excitation. At a given moment, the effect on blood- 
pressure and on intestinal volume, of a definite strength of stimulus 
was observed and recorded. ‘Peptone’ was then injected, and after 
the resulting fall of pressure had attained its minimum, the same 
strength of stimulus was again applied to the splanchnic nerves and 
the effect once more recorded. Fig. 2 gives a tracing showing this 
comparison, and it may be at once stated that splanchnic vaso-mobility 
was found to be completely abolished by Witte’s peptone for a con- 
siderable period after the injection. 

On examining figure 2 it will be seen that excitation of the 
left splanchnic with coil at. 8, before the injection, gave a consider- 
able fall in the intestinal curve, and at the same time a marked rise 
of blood-pressure. Soon after the injection no effect whatever was 
produced on the intestinal record by the same excitation. Ten 
‘minutes later a slight elevation of blood-pressure resulted. The 


1 Since writing the above, new facts have come to light which lead me to believe that 
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plethysmographic record therefore bears out the inferences previously 
drawn from a study of the blood-pressure curve alone, viz. that the 


Fig. 2. Parts of tracing showing the effects of splanchnic excitation on the volume of 
intestinal vessels, and on carotid blood-pressure before and after the injection 
of Witte’s peptone. Dose 0°2 grm, per kilo. 


splanchnic effect is largely due to dilation of intestinal vessels brought 
about by peripheral influence. Several experiments were performed 
with Witte’s peptone, and all showed the same result. 


(b) Other Products. (1) Purified Peptone. In like manner the 


influence exerted by purified peptone, by deuteroproteose, hetero- 
proteose and protoproteose, upon intestinal vessels was also directly 
recorded, and. as one would expect, these products behaved in a way 
consistent with what has been shown in the preceding paper to be their 
relative power of depressing general vaso-mobility. The above order of 
enumeration gives this, beginning with amphopeptone, which exerts very 
little effect, and ending with the primary proteoses, whose influence 
amounts to complete abolition of intestinal vaso-mobility, for a longer 
or shorter period. Compared with each other proto- and heteroproteose 
differ little, but both far exceed in potency that of any other product 
examined. 

Fig. 3 gives a record of the effect of amphopeptone. 

At the left end of the tracing is shown the result on the two 
records of an excitation of both splanchnic nerves with the coil at 6. 
Then follows the injection, the influence of which is only in part:shown. 
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Two minutes later the same strength of excitation was carried out. 
The results of this are given in the right-hand portion. of the figure. 


Fig. 3. Parts of tracing showing the effects of splanchnic excitation on the blood vessels 
of the intestine, and on carotid blood-pressure, before and after an injection of 
- amphopeptone. Dose 0:2 grm. per kilo. 


It will be seen that the rise in carotid blood-pressure was much less, 
while the effect on intestinal vessels was ‘at least quite as marked as 
before. Indeed it appears to be greater, but the effects of an excita- 
tion (not shown in the figure) made one minute after the end of the 
injection, demonstrated that some influence was exerted, which soon 
however passed off. It has also to be borne in mind, when comparing 
the two intestinal effects, that the vessels were more filled in the second 
instance, and thus a greater manifestation would be shown from the 
same degree of constriction on the part of their walls. 

(2) Deuteroproteose was found to exert somewhat more influence 
than the former substance, but except for a very short interval did not 
wholly obliterate the effects of splanchnic excitation on the intestinal 
vessels. Fig. 4 represents the tracing from a typical experiment with 
this product. | 

At the left end of the curves is seen the result of excitation of both 
splanchnics on the intestinal and blood-pressure tracings, coil at 4. 
Then comes the injection with parts of its effects; finally, the results of 
the same excitation at two and five minutes later are shown. The 
tracing is indeed self-explanatory and bears out the statement above 
made with regard to the influence of deuteroproteose. The record is 
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also consistent with what we had previously learned concerning the 
relative potency of this substance in depressing vaso-mobility. 


Fig. 4, Parts of tracing showing the effects of splanchnic excitation on the blood vessels 
_of the intestine, and ‘on carotid blood-pressure, hetore and amc an injection of 
-deuteroproteose, Dose 0°2 grms. per kilo,. 


_ (3) Protoproteose had already been found to completely abolish for 
a considerable period al! response to vaso-constrictor impulses, on the 
part of the splanchnic vessels generally. Those of the intestine proved no 
exception to this statement, on the contrary, direct record of its effects 
on these latter, supports the conclusion in the fullest. manner. 

Thus, to take the details’in one experiment, excitation of both 
splanchnic nerves with the coil at’8 before injection produced the usual 
effect, though not in a very pronounced way since the current employed 
was weak. Protoproteose was then injected. After this, excitation of 
the splanchnics with the coil first at 7, and then at 6 were completely 
without effect. These excitations were made seven and ten minutes 
respectively after the injection. Fifteen minutes after this event a 
weak response was obtained with the coil at 5. oe 

(4) Heteroproteose can hardly be distinguished in its effect on 
vaso-mobility, from the other member of the class of primary proteoses 
which has just been dealt with. After the injection of 0:2 grm. hetero- 
proteose, per kilo of body weight, stimulation of the splanchnics has for 
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some time no effect either upon the vessels of the intestines or “— 
the arterial blood-pressure. 

It may therefore be unhesitatingly accepted that Witte’ s 
peptone mainly owes the power it possesses in lowering 
blood-pressure and reducing vaso-mobility to its content of 
primary proteoses. Which of the two contributes most © 
depends on the amount of each present, but since proto- 
proteose ordinarily forms a much larger constituent of the 
substance in question than does heteroproteose, there can be 
little doubt that it is to the former body its influence is 
chiefly to be assigned. 

This statement is, I am aware, not in harmony with prevailing 
opinion at the present time. Nevertheless I am fully convinced of its 
accuracy. | 


2, INFLUENCE ON RENAL BLOOD VESSELS. 


The effects of the foregoing substances on the vessels.of the renal 
district were studied by means of Roy’s oncometer with oncograph. A 
tracing of carotid blood-pressure was also taken. | 

Preliminary experiments showed that the volume of the kidney, 80 
far from increasing during the vascular dilatation, which ‘peptone’ 
produces in the splanchnic area, actually suffers an enormous reduction. 
Indeed so great was this reduction that the lever of the recording 
apparatus usually fell to its lowest point, notwithstanding precautions 
in the application of the membrane, to secure the greatest freedom of 
movement possible. It may be objected that this diminution in 
volume applies only to the organ within the oncometer. I do not 
think this is so, on the contrary there can be little doubt that a similar 
decrease occurs when the kidney is in situ. This fact may be verified 
even by the feel of the organ still within the abdomen, after peptone 
has been injected, as contrasted with that before the injection was 
made. The former feels soft and flabby, the latter firm and plump. A 
considerable difference in size is also appreciable, even to the hand. | 
_ The diminution in volume here referred to can only be ascribed to 
the fall of general blood-pressure, this being now insufficient to over-— 
come, to the same degree as before, the great resistance of the renal 
circuit, while the remaining vessels of the splanchnic region offer a 


more easily distensible receptacle for the increased flow of blood which 
invades this territory. 
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‘My observations were somewhat complicated in the first instance 
by this decrease of volume. But a means was soon discovered by which 
the difficulties which it imposed were fully overcome. After some 
trials, the following method was adopted. 

The splanchnic nerve corresponding to the kidney, the volume of 
which had to be recorded, was divided and placed on electrodes. The 
kidney was then prepared and brought into the oncometer, surrounded 
with warm oil, and enveloped with a thick layer of cotton-wool. Blood- 
pressure was recorded from the carotid. 

When all was arranged and satisfactorily recording, the splanchnic 
was excited with a current of such strength as to produce a well-marked 
rise of blood-pressure. This was naturally accompanied by a great fall 
in the kidney lever. As soon as these effects were noted the exci- 
tation was stopped, and the curves allowed to regain their former 
levels, 

Witte’s peptone, or other substance under eneisicn. was then 
injected into the saphenous vein, producing the usual fall of blood- 
pressure, and with this a great diminution in the volume of the 
kidney. 

When these effects had reached their maximum, the kidney lever 
had generally fallen to its lowest limit. It would therefore, he 
obviously useless in this condition to excite the splanchnics, for the 
purpose of comparing the result with that obtained before ‘peptone’ 
was injected. 

‘To meet this difficulty, and place the oncograph lever in a position 
capaiia of responding, should any effect occur, oil was now introduced 
into the oncometer, till the recording lever stood approximately at its 
old level. The comparison-excitation was now carried out. 

(a) Witte’s Peptone. The influence of this substance was in the 
first instance determined, Fig. 5 gives a tracing showing its effect. — 

At the left end of the tracing thé effects of excitation of both 
splanchnic nerves (coil at 8) on the renal vessels, and on carotid blood- 
pressure, are shown. The injection of peptone follows, producing a fall 
in both curves, which in the case of the renal tracing is more gradual 
and prolonged than in that of blood-pressure, During this decline of 
the kidney curve, a repetition of the same excitation as before the 
injection, produced, on two occasions (c) and (d), a well-marked accelera- 
tion of the fall without making any impression on the blood-pressure 
tracing. The top right-hand corner of the ws shows the same 
result ten minutes later. 
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When these effects are compared with those obtained from the 
vessels of the intestine, one is driven to the conclusion that the renal 


‘Fig. 5. Tracing showing the effects of Witte’s peptone (0°2 grm. per kilo) upon the 
renal blood vessels, compared with the same upon splanchnic vessels generally. — 


vessels do not suffer nearly to the same extent from the influence of 
‘peptone’ as do those of the former district. Many tracings in my 
possession show precisely the same result: it is in fact invariable. Nor 
is the effect peculiar to the influence of Witte’s peptone. Other 


derivatives of proteid digestion show it also. Tracings from some of 


the experiments with these latter will now be given. | 

(b) Other Products. Having made certain that the behaviour of 
the renal vessels to Witte’s peptone which is above alluded to was not 
@ mere accidental occurrence, the examination was extended to the 
effect produced by the different constituents which go to make up 
Witte’s peptone. The substances whose influence was thus analysed 
were the same as those used for the intestinal vessels, viz. purified 
peptone, deuteroproteose, protoproteose, and heteroproteose. | 

(1) Purified Peptone was found to produce exceedingly little in- 
fluence on renal blood vessels. The product behaved, in fact, in a 
manner consistent with what has already been recorded concerning 
its. general effect on splanchnic vaso-mobility. This, as we saw, was 
relatively small when compared with that of Witte’s peptone and the 
primary albumoses, But, as stated in the last paragraph, the. former 
substance exerts very little depressing influence on renal vaso-mobility, 
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consequently we should expect that purified peptone would produce 
still less, and this actually proved to. be the case. 

Fig. 6, which here follows, represents the tracing from a typical 
experiment. 


Fig. 6. Parts of tracing showing the effects of splanchnic excitation upon the renal vessels 
and on carotid blood-pressure, before and after an injection of Grosjean’s peptone. 
Dose 0°2 grm. per kilo. ) 


At the left end of the above tracing both splanchnic nerves were 
excited with the coil at 12. This caused a great fall in the kidney 
lever with a slight elevation of blood-pressure. After these effects had 
passed off and the tracings had been relevelled a dose of Grosjean’s 
peptone wasinjected. This was immediately followed by a sudden and 
extensive fall in both curve-lines, the kidney lever falling to its minimum. 
Oil was then introduced to raise the latter, after which the excitation 
was twice repeated, at short intervals of time. The result yielded 
showed that a considerable constriction of kidney vessels was still 
obtainable, while only a very slight influence was produced on blood- 
pressure. When it is borne in mind that the excitation here was very 
weak throughout, and that in the second instance the constriction 
shown by the kidney started, so to speak, from a condition of greatly 
reduced volume (to the extent of the oil injected), it will be apparent 
that the actual reduction of vessels could not have been much less 
than that manifested before the substance was injected. 

(2) Deuteroproteose gave results very similar to those of the 
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foregoing body. A tracing from one of the experiments made with 
this product is given in Fig, 7. 


Fig. 7. Parts of tracing showing the effects of splanchnic excitation upon the volume of 
the kidney, and on carotid blood-pressure, before and after the influence of deutero- 
proteose, Dose 0:2 grm. per kilo. 


A constriction of kidney vessels with accompanying elevation of 
carotid blood-pressure is shown at the left end of the figure. This was 
brought about by excitation of the left splanchnic with the coil at 5°5. 
Next comes the fall of both levers from the injection of deutero- 
proteose, succeeded by restoration of the kidney lever, through injection 
of oil into the plethysmograph. The second part of the tracing shows 
the results of two subsequent excitations with the-coil also at 5°5, and 
part of a third with the coil at 6. These were made at intervals of 
two, six, and ten minutes respectively, after the end of the injection. © 

It is scarcely necessary to state the inference to be drawn from 
the above tracing, viz. that deuteroproteose while not by any means 
abolishing general splanchnic vaso-mobility, hardly affects to the 
slightest degree that of the renal vessels. 

(3) Protoproteose. We now come to examine the influence upon 
the kidney, of a substance which exerts a powerfully depressing effect 
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on splanchnic vaso-mobility generally, amounting even to its complete 
annihilation for a considerable period after the injection. 

Its effects upon the vessels of this organ were found to be in com- 
plete accord with already established facts regarding the splanchnic 
region as a whole, Nevertheless they in no wise contradict the 
inference which has been steadily gaining foundation, that renal 
vessels are less profoundly affected by albumoses and peptone than 
are those of some other districts. On the contrary they add support to 
it. An examination of Figure 8 will make these statements obvious. — 


Fig. 8, Parts of tracing showing the results of splanchnic excitation on kidney vessels, 
and on carotid blood-pressure, before and after the injection of protoproteose. Dose 
0°2 grm. per kilo, 


The constriction of renal vessels, with rise of carotid blood-pressure, 
shown at the left of the figure is the result of excitation of both 
splanchnics, with the coil at 7. Next come the effects of an injection 
of the substance under consideration, parts of which are only shown. 
In Section B of the tracing (taken some minutes after the injection) 
the results of excitation with an increasing strength of stimulus are 
given. To begin with, the original strength, coil at 7, was applied 
without effect on either curve. This was soon augmented to 6, also 
without constricting effect on the kidney. Lastly, it was further 
strengthened to 5, when the kidney vessels proved responsive, the 
influence on carotid blood-pressure still being nil. Fifteen minutes 
subsequent to the injection (shown in Section C) two excitations with 
the coil at 6 were made, only the kidney vessels still showing a response. 
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Other traciiigs manifested even a less profound effect on the renal vessels, 
but an equally great influence on the splanchnic area generally. 

The inference here therefore is also clear as regards the effect of 
protoproteose on the kidney. It is, that the substance in question 
considerably diminishes vaso-mobility in this organ, but the vessels 
are less affected and recover sooner than those in other districts of 
splanchnic territory. 

(4) Heteroproteose. Lastly comes the action of the pabiatesice 
heteroproteose; and here again the results are consistent with our 
previous knowledge, both as regards the relative susceptibility of 
renal vessels and the known influence which heteroproteose exerts. 
The product in question markedly reduces vaso-mobility in the kidney, 
but its influence here is also less profound than that manifested by it 
elsewhere. Fig. 9 gives a tracing showing these effects. 


Fig. 9. Parts of tracing showing the effects of splanchnic excitation on kidney volume, 
and carotid blood-pressure, before and after the apeeen of heteroproteose. Dose 
0°15 grm. per kilo. 


The effects on the two curves given at the left end of the figure 
are due to an excitation of the left splanchnic with the coil.at 6. 
Then follows the injection, after which (in the middle segment of the 
tracing) the results of two further excitations of the same strength 
are shown; one of these made at three minutes subsequent to the 
injection was ineffective on the kidney curve, the second, three minutes 
later still, showed a slight constriction. Neither however gave appre- 
ciable effect on the blood-pressure curve. Finally, in the right segment 
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of the tracing are given, ten and twelve minutes respectively after the 
injection, two stimulations, the former with the coil at 6, the latter 
with an augmented current, coil at 5. In both these the renal 
response was much greater than that of blood-pressure. It is to be 
noted that the dose employed was rather less than that for the most 
part adopted as a standard throughout the research. : 


OF RESULTS. 


vessels. 


(1) Direct observation . and . record verify the inference that 
dilation of the intestinal vessels accompanies and must to a certain 
extent account for the fall of blood-pressure produced by injection of 
Witte’s peptone and similar products into the vascular system. 

(2) It also establishes beyond doubt that the dilation of 
intestinal vessels is produced by peripheral depression or even tem- 
porary abolition of vaso-mobility in the area in question. 

(3) That the order of potency in regard to effect on these 
vessels corresponds with that previously given for the splanchnic area — 
in ‘general; the primary proteoses exerting much the most profound 
influence, that of deuteroproteose and purified peptone being com- 
paratively small. 


(4) That the effect of Witte’s peptone must be spiced ascribed 
to its protoproteose constituent. 


Renal vessels. 


qa) That the blood vessels of the kidney do. not share in the 

: dilekion brought about by the substances whose influence is in con- 

sideration. On the contrary the vessels of this organ are much less 
distended. 


(2) That in the renal area is much less 
influenced than in the intestinal district. 


(3) That (bearing i in mind the statement made in the foregoing 
‘paragraph) the primary proteoses are also the most effective on renal 
vessels. Indeed they may be said to be the only members of the 
group which appreciably reduce renal —eee 
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‘THE ELECTRICAL RESPONSE OF NERVE TO TWO 
STIMULI. By FRANCIS GOTCH, FRS, anp G. J. 
BURCH, M.A, (Oxon.). (Hight Figures in Text.) 


(From the Physiological Laboratory, Oxford.) 


IN a communication to the Royal Society made last year we gave a 
preliminary account of the. electrical response of nerve to a single 
stimulus as investigated by means of a very sensitive capillary electro- 
meter’, The photographic records of the single excursion of the 
mercurial meniscus produced by such an electrical response were 
exhibited to the International Congress of Physiologists last summer, 
and in addition records were also shown of the complex response evoked 
by a series of stimuli in rapid succession*. The anomalous results 
obtained with such a series of stimuli at intervals of 4,” or less, induced 
us to postpone further experimentation along these lines until we had 
carried out the simpler investigation of the electrical response to two 
stimuli occurring in rapid succession. Ata meeting of the Physiological 
Society, Jan. 21, 1899, examples of the records of such responses were 
shown and a brief notice of the conditions influencing their production 
was published in the Proceedings of the Society’. The present com- 
munication affords the opportunity both of dealing in greater detail 
with the results and of placing on record reproductions of the more 
important of the photographs. 

Method. In order to obtain two stimuli in rapid succession the 
following modifications have been made in the pendulum motor used 
in our earlier work. On the lower end of the balanced pendulum, 
which carries the sensitive plate, is fixed a projecting pin. Against 
this rests a rod carrying a weight, supported at its upper end on 
bearings in a line with those of the balanced pendulum. This rod, 
called the auxiliary pendulum, is so adjusted as to accelerate the 
movement of the balanced pendulum during the first part of its swing 


1 Proc, Roy. Soc. Lond., uxu. pp. 300—311. 


* Proceedings of Internat, Physiological Congress, Cambridge. This Journal, xxm1. 
Proc. Physiol. Soc. This Journal, xxm. 
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but is left behind by it on passing the vertical, z.e. just before the 
sensitive plate reaches the slit. From that point the movements of the 
two are independent, the balanced pendulum moving on with a constant 
velocity, the auxiliary pendulum with diminishing velocity. The latter 
is arranged so as to encounter the arms of two keys of the usual opening 
type; the position of these can be accurately adjusted so as to allow of 
_ the two being opened simultaneously or successively at any required 
interval, The two keys are placed in the primary circuits of two 
induction coils, the secondaries of which are joined in series and 
connected with a single pair of exciting electrodes, which is thus 
‘traversed by the two induced currents. In order to ensure accuracy 
in determining the precise interval between the opening of the two 
exciting keys and the resulting instants of double stimulation, the 
exciting electrodes were so arranged in connection with the nerve under 
observation, as to permit a slight escape into the contacts which con- 
nected the electrometer with the tissye. ,Thus every record of an 
excursion has marked upon it the two stimuli together with any 
electrometer effects due to the subsequent electrical response of the 
tissue. 

The preparation was of the same character as that employed in 
our earlier researches, being the sciatic nerve of R. temporaria, either 
uninjured or with the local injury due to a fresh cross section. For the 
uninjured nerve, the fresh preparation was sometimes left in connection 
with the gastrocnemius and peroneal muscles etc., but in most instances 
the excised nerve was used after it had been kept for 24 hours in 
physiological saline solution, thus allowing all traces of injury to subside. 
The prepared nerve was placed in a special double chamber, so con- 
structed as to permit different portions to be kept at any desired 
temperature. 

Previous experiments had shown us that the effect of temperature 
upon the time relations of the electromotive difference which is observed 
between two nerve contacts in consequence of nerve excitation is very 
considerable. Such excitatory electromotive difference, which will for 
brevity be referred to as “the electrical response,” is so much affected 
by temperatures varying between 0°C. and 10°C. that it was im- 
perative, in the present investigation, to maintain uniform temperature 
conditions. 

The chambers devised for this purpose are cecum in Figs. 1 
and 2. 

Upon the base board C is fixed a moist chamber B with glass front 
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and back and ebonite ends, d, e. The bar f, g, is faced with cork 
steeped in paraffin; it passes through the end d and the preparation 


| Figs. 1, 2. | 

An aperture with grooved sides is cut in the ebonite end d of the 
moist chamber, reaching from the top to within about 2 cms. of the bar 
J, g. In Fig. 2 the end is seen in elevation ; a shutter, S, sliding up 
and down in the grooves serves to close the aperture. At the bottom 
of the aperture is a notch r, big enough for the nerve to lie in. 

A pair of non-polarizable electrodes, P,, P,, is carried by a square 
ebonite rod not shown in the figure; this is fixed parallel to f, and a 
similar rod on the farther side parallel to g supports a second pair of 
electrodes when necessary. 

The chamber A is moveable, sliding in grooves on the base board C, 
It consists of two concentric cylindrical brass vessels united by a flange 
and furnished with inlet and outlet pipes A and k, so that water of the 
required temperature can be caused to circulate in the annular space 
between them. It is covered outside with felt, and varnished inside 
_ with French polish, which is a better radiator than the bare metal. 

Before making an experiment the chamber A is drawn back out of 
the way, the sliding shutter S removed, and a soft pad of moist kaolin 
placed in the bottom of the notch r. The non-polarizable electrodes P,, 
P, are placed in position and the nerve laid across them ; it rests in 
the pad of kaolin filling the notch r, and is supported at its spinal end 
by the pin m. The exciting electrodes, a, are then fixed so as to be in 
contact with it, and the sliding shutter having been inserted in the 
frame is cautiously pushed completely down; the soft pad of kaolin 
ensures the complete closure of any aperture withers injuring the nerve, 
which is protected by the notch. 


The thermometers Th, Th, having been Saecaistay the chamber A 


< 
is fixed above it. 
a 
4 
A és e 
“4 
| 
Ss T b 
4 
C C 
a 
od 
1a 
a 
| 
i | 
“ 
+ 


NERVE RESPONSE. 413 


is pushed up against d, and a varnished copper tray, J, containing water 
or ice, as the case may be, laid over the top of B. 

The nerve is thus situated partly in A and partly in B, the two 
portions being thermally insulated from each other without affecting 
their structural and physiological continuity. The whole apparatus is 
placed in a large constant-temperature chamber by which it is still 
farther protected from disturbance, and the experiments are not made 
until the thermometers in A and B have both stood for some time at 
the desired temperature. 

In all the experiments here quoted the connection of the nerve with 
the electrometer was such that the electrode P, upon the surface of the 
nerve nearest the seat of stimulation was joined to the acid terminal of 
the electrometer, that on the end of the nerve P, being joined to the 
mercurial terminal of the capillary. Relative negativity of the proximal 
to the distal contact is thus indicated by a movement of the mercurial 
meniscus towards the open end of the capillary tube. In all the photo- 
graphs such movement reveals itself by a curve’ directed towards the 
record of the vibrations of the tuning-fork. The latter, marked on each 
photograph, indicates the velocity of the plate; each semi-tooth of the 
vibration being 0°001”. The records are in all cases to be read from left 
to right. 

The results of the investigation are best realized by an examination 
of the records, a selected series of which will be now described. 


Kept Nerve with fresh cross-section, all parts at 4° C. 

The first record selected is that shown in Fig. 3,4, Band C. The 
nerve had been prepared 24 hours previously and kept in 0°6 °/, NaCl 
made with tapwater containing a physiological percentage of Ca salts. 
A short time before the observations commenced a cross section was 
made at the peripheral end and the nerve placed in the chambers so 
that this cross section should be in contact with the distal non- 
polarizable electrode, P,, connected with the mercurial terminal of the 
electrometer; the remaining proximal electrometer contact P, was then” 
placed upon a point on the nerve surface 20 mms. toward the 
central side. The exciting electrodes were placed one on each side of 
a more central portion of the nerve 15 mms. from the position of the 
surface electrometer contact, P,. The chambers were both kept at 
4°C. Record A shows two sharp upward notches; these are due to 
an escape from each of the two induction shocks used for excitation, 
and following each is seen the downward excursion caused by the 
28—2 
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monophasic electrical response. The time interval between the two 
successive excitations is 0113”, and at this interval each stimulus 
obviously evokes a monophasic effect indicating the familiar — 
ment of negativity under the surface contact. 


Fig. 3. 

The condita under which records B and C were taken differed in 
one particular only. In: B the two exciting induction shocks followed 
each other at ‘0080’, in C at 0060”. B shows a very slight second 
electrical response, and C shows no response to the second stimulus, 
although in both instances the first stimulus evoked a full electrical 
response indicated by the displacement of the meniscus. 
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Kept Nerve (uninjured), all parts at same temperature. 


The same result is obtained if the nerve shows no demarcation 
effect due to injury, in which case the electrical response to a single 
stimulus being diphasic, the character of the excursion is one in which 
the movement indicating negativity of the proximal contact P, (nearest 


Fig. 4. 
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the seat of excitation) is checked and gives way to an opposite — 
movement indicating positivity of this contact. 

In Fig. 4, A, B, C, records are shown of the results obtained from 
_ a nerve which having been kept 24 hours in 0°6°/, NaCl showed no 
injury effect. The whole nerve was at 4°C.; the surface contacts 
P,, P, connected with the capillary were 23 mms. apart, and the exciting 
electrodes were placed 15 mms. on the central side of P,. 

The record A shows the two upward notches due to the two 
escapes from the two exciting induced currents, the second occurring at 
an interval of *0120” after the first. Each evokes a diphasic electrical 
response, that due to the first stimulus being the strongest. In B the 
stimuli were ‘0103” apart and the response due to the second stimulus 
is smaller although still quite evident; in C the stimuli were 0080” 
apart and the second stimulus evokes no second electrical response of — 
sufficient magnitude to affect our instrument. 

In all the experiments upon cooled nerve, of which the above 
examples are typical instances, an interval could be found at which a 
second stimulus ceased to evoke any perceptible electrical response. 
This interval we propose to term the critical interval. Every stimulus 
of such intensity as that here employed, if it follows a predecessor at a 
period of less duration than the critical interval, is ineffective ; every 
stimulus of similar intensity succeeding a predecessor at a period of 
greater duration than this critical interval, is effective. 

The duration of this critical interval is dependent upon the intensity 
of the stimulus, the condition of the nerve, and the distance between 
the electrometer contacts. The intensity of stimulus here employed 
was fully adequate to evoke a maximal response in a muscle, it being 
in all cases a break-induced current producing a marked sensation on 
the tongue and caused by the cessation of the current of one Daniell 
cell in the primary coil of a du Bois Reymond induction apparatus 
without a core; the secondary coil was so placed that it overlapped the 
primary by } its length, ie. 6 cms. from the zero position. The chief 
condition of the nerve which modifies the result being temperature the 
modifications due to this will be dealt with first. 

For the above intensity of stimulus the sciatic nerve kept 24 hours 
and connected at its peripheral’ end to the electrometer by contacts 
15 to 20 mms. apart, gives at 4° C. results which justify the inference 
that the critical interval is from ‘0070” to 0080”. Thus in six instances 
the response became single when the second stimulus followed the 
first at the following intervals, 0079", 0080”, 0080”, -0078”, :0070”, 
0070”. 
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On lowering the temperature of the whole nerve below 4° C. the 
critical interval is increased ; thus a nerve at 4° showed a second response 
when a second stimulus succeeded the first at 0090”, but on cooling to 
2° C. the second response did not appear until the interval was increased 
to 0120”. 

On raising the temperature of the nerve the duration of the critical 
interval is decreased; even a rise from 4° C. to 54°C. is sufficient to 
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shorten the interval. Thus in three instances with the nerve at 54° C 
the single effect was produced when the second stimulus succeeded the 
first at 0065”, 0060" and °0062” respectively. 

On raising the temperature of the nerve still more the shortening 
of the critical interval becomes very conspicuous. The records show 
that the duration of the excursion of the electrometer meniscus in- 
dicating the diphasic effect of each electrical response is also decreased. 

An illustration of this is given in Fig. 5, A, B, C, which display 
‘for the first time the modifications in the characters of each single 
electrical response obtained from a nerve when its temperature is 
altered. The records were obtained from a nerve kept 24 hours in 
physiological saline and each excitatory effect is thus obviously diphasic. 
The electrometer contacts were 15 mms. from each other and the 
exciting electrodes were 15 mms. from the nearest of these. The 
second stimulus was throughout arranged to occur at ‘0080” after the 
first, and each stimulating current is indicated on the record as a small 
upward notch due to escape. 

In A the nerve was at 4°C. and the second stimulus is practically 
ineffectual; in B the temperature of the nerve was raised throughout 
to 7° C. id a second stimulus at “0080” is evidently effectual ; in C the 
temperature was raised to 20°C., both stimuli are equally effectual, 
each evoking a response of short duration and diphasic in character. 

Even when a further rise of temperature has caused the response to 
be of very short duration, an interval could be found within which the 
second stimulus became ineffectual. In Fig. 6 records are shown of 
such an interval ascertained in a nerve all-parts of which were kept 
throughout at 12°C. The nerve was of the usual uninjured character, 
i.e. kept 24 hours in 0°6 °/, NaCl, the electrometer contacts were upon 
the surface at a distance from each other of 15 mms., and the exciting 
electrodes were 15 mms. from the nearest electrometer contact. 

The record A of Fig. 6 is an example of the effective stimulation of 
two induced currents occurring at ‘0065” interval, the two exciting 
currents being marked as before by the slight upward notches of the 
escapes. In B the second stimulus occurred at 0035” after the first 
and is still effectual, being obviously followed by a response resembling 
that evoked by the first stimulus. In C the second excitation occurred 
0017” after the first and there is only one response, namely, that 
which is evoked by the first stimulus, the occurrence of the second 
stimulus being indicated by a small notch just as this electrical response 
begins. This is plainly shown in the actual photograph. 

It is clear that the critical interval at this sompersrore lies aren 
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0017” and 0035”, probably about 0020”, since an observation with the 
second stimulus at 0027” showed a slight second response evoked by 
the second stimulus. | 


C B A 
Fig. 6. 
Kept Nerve (uninjured). The excited portion at a temperature higher 
than that of the observed portion. | 

The inability of the nerve to give a second electrical response to a 
second stimulus when this occurs at a sufficiently close interval after 
the first, is not merely a character of the response produced at the seat 
of excitation by such external stimuli as have been employed in the 
above examples, It is equally well marked when the stimulus is the 
propagated molecular disturbance which constitutes the internal 
stimulus. This is evidenced by experiments in which a nerve, having 
been placed in the double chamber, has the temperature of the portion 
in contact with the exciting electrodes raised whilst that of the portion 
connected to the electrometer contacts is kept.at 4° C. 

The following is a typical example of observations under these 
conditions. A kept nerve showing no resting demarcation effect and 
giving a diphasic response to a single stimulus was placed in the double 
chamber. At first all parts were at 4°C. Under these conditions the 
critical period was found to be 0068", 7.e, a second stimulus occurring 
at this interval after a predecessor evoked no second electrical response. 
In Fig. 7 A a record is shown in which there is a single response to the 
first stimulus but none to the second one. The temperature of the 
seat of excitation was now raised without altering that of the 
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observed region, which was kept at 4°C. In Fig. 7 B a record is shown 
of the result under these conditions. The first stimulus evokes an 
electrical response, but the second occurring 0068” after the first still 


Fig. 7. 


has no such effect, although the excited portion was, in this instance, 
raised to 16°C. A more extended series of observations showed that 
the critical interval remained at ‘0068” as long as the temperature of | 
the part of the nerve connected with the electrometer remained at 4° C. 
But since the seat of excitation was locally warmed to 17° C. there is 
little doubt that the nerve in this region had undergone the modifica- 
tion previously referred to as produced by rise of temperature and that 
in this part the critical interval must be very considerably shortened. 
Thus two stimuli at the interval here employed ‘0068” would be amply 
separated and two electrical responses would occur in the warmed area. 
Each of these would then undoubtedly be propagated as far as the 
boundary between the warmed and the cooled portions; on reaching 
the latter the time relations of the propagated response evoked by the 
first stimulus must be modified by the low temperature, and the critical 
interval is correspondingly lengthened. Thus the second electrical 
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response, although present in the warmer portion, is on reaching the 
cooler region unable to develop because the first response is now 
lengthened through the low temperature and the critical interval is 
still -0068”. 

The inferences to be ads from the whole of the foregoing observa- 
tions are; (1) a second electrical response does not occur if a 
second stimulus succeeds a predecessor at less than a certain 
interval, which interval is mainly modified by temperature; 
(2) this second stimulus may be either an external exciting 
agent or the internal change which is the basis of propaga- 
tion. 

If the absence of the second electrical response under these circum- 
stances implies a corresponding absence of the underlying excitatory 
disturbance then a further deduction is justifiable. For since a second 
excitatory disturbance cannot be readily evoked after a preceding one 
until a certain time has elapsed, then nerve excitability must be 
lowered during nerve activity, and every excitatory disturbance is thus 
associated with a period of diminished excitability which, like that of 
cardiac muscle, is prolonged and thus brought into prominence by low 
temperature. In order to test the accuracy of this deduction experi- 
_ ments have been carried out under the direction of one of us (F. G.) by 
A. B. Boycott. In these the summated mechanical response of a 
muscle as evoked by two successive nerve stimuli was employed as the 
index of adequate twofold excitation. The experiments already de- 
scribed in this Journal’ show that in cooled nerve a period of true 
diminished excitability can be demonstrated from the magnitude of 
the summated response. Hence that portion of a nerve which is the 
seat of an excitatory disturbance does exhibit disability for the 
production of a second disturbance in response to a second stimulus. 
Whenever such second excitatory disturbance fails then obviously no 
second electrical effect is produced and the foregoing results are 
readily explained. The failure of the second electrical.response cannot 
however be so simply interpreted, for a number of anomalous instances 
of failure have occurred in the course of our investigation which point 
unmistakeably to the conclusion that no second electrical response may 
be perceptible even when there is every reason to believe that a second 
excitatory disturbance is present. This introduces matter of such 
interest in connection with electro-physiology that we consider it 
advisable to deal with it in some detail. . 


1 This Journal, xxrv. 1899. 
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THE WANT OF CORRESPONDENCE BETWEEN ELECTRICAL RESPONSES 
AND EXCITATORY STATES. 


The following phenomena appear to indicate that it is possible for a 
nerve to be the seat of two successive excitatory disturbances, although © 
the second one is not accompanied by any such difference of potential 
between the electrometer contacts as constitutes the electrical response. 


(1) Nerve with the seat of excitation cooled whilst the part 
connected unth the electrometer is warmed. 


It has often happened that when two stimuli were arranged to 
succeed one another at an interval less than the critical interval for the 
cooled nerve, so that only one response occurred, two responses were 
recorded in the distal portion of the same nerve when this portion only 
had its temperature raised. Thus the particular nerve which gave the 
results of which Fig. 7, A and B, are examples was evidently in a con- 
dition in which at 4° C., a second stimulus occurring at 0068” after a 
predecessor gave no electrical response. On warming the more remote 
peripheral end to 12°C. this part being connected with the electro- 
meter showed two electrical responses one to each stimulus, although 
the half of the nerve comprising the seat of excitation was carefully 
kept at 4°C. An example of such a result is shown in Fig. 7, C. 

The following are other typical instances of the same phenomenon. 
A nerve kept 24 hours was placed in the double chamber. The distance 
between the exciting electrodes and the nearest electrometer electrode 
was 15 mm., that between the electrometer electrodes being also 15 mm. 
The central half, 20 mm. long, was kept at 4° C., and the temperature of 
the peripheral half, 20 mms. long, was first 5°C. and then 12°C. With — 
the peripheral portion at 5°C. a second stimulus occurring at 0062” 
after the first was ineffectual, and only evoked a very slight second 
response when it occurred 0081” after the first. With the peripheral 
portion at 12°C. and the central still at 5° C. the second stimulus evoked 
a marked second response, when it occurred at 0082” or even at 0060” 
after the first, and did not become ineffectual until it occurred at as 
little as 0042” after the first one. 

Another nerve kept 24 hours was placed in the double chamber. 
The peripheral portion measured 19 mm. and the electrometer contacts 
were placed 10 mm, apart, being thus 9 mms, from the boundary wall of 
the chambers. The excited portion measured 25 mms. and the exciting 
electrodes were placed, one 15 mms., the other 18 mms. from the boundary 
wall between the two chambers. When the temperature of the excited — 
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portion was 4°C. and that of the electrometer portion 5°C., a single 
electrical response occurred in the latter if the former was excited by 
two stimuli the second of which occurred ‘0068” after the first. The 
electrometer portion was then warmed to 14° C. and the excited portion 
kept at 4°C.; double responses now occurred to the two stimuli, when 
the second followed the first at intervals of 0065” and 0057”, whilst a 
trace of a second response occurred even at an interval of ‘0035’. 
The temperature of the peripheral portion of the nerve was then 
again lowered to 7°C., the excited portion being kept as before at 4° C. ; 
single responses now occurred with the two stimuli at intervals of 
0042”, 0057”, 0068”, the first trace of a double response occurring 
when the interval between the stimuli’ was increased to ‘0075”. 

It was suggested that the appearance of the double response when 
the peripheral portion was warmed, might be due to the increased ex- 
citability of this portion and its consequent stimulation by the escapes 
from the exciting circuit. We are convinced by the following facts 
that the seat of excitation remains as before strictly localised to the 
cooled region. 

First, there is in all cases a period of delay only to be accounted for 
by propagation through a cooled region. Secondly, physiological dis- 
continuity of the cooled from the warmed portions (section followed by 
joining the two halves together) causes abolition of both responses, even 
when the intensity of the induced currents is augmented so as to 
produce two very marked escapes from the exciting into the electro- 
meter circuit. Thirdly, the occurrence of a second response in the 
warmer portion is independent of the distance of the seat of excitation 
from the boundary line between the cooled and the warmed portions of 
~ nerve. The occurrence of the second response in the warmer region 
cannot therefore be due to the direct excitation of this warmer region 
by the current escape of the second stimulating induction shock. The 


impossibility of such an explanation is further shown by the results to 
be now described. 


(2) Electrical Changes in different portions of the same Nerve. 

Anomalous results have been occasionally obtained from excised 
nerves kept 24 to 48 hours before observation: the general character 
of the anomaly is the presence of two electrical responses in one portion, 
and of only one response in another, even when all parts of the nerve. 
were kept at a uniform temperature. 

In these experiments the nerve was connected, as shown in Fig. 8, 
with two pairs of non-polarizable electrodes, one pair, P, P,, being in 
contact with a more central portion, the other, P,; P,, with a more 
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peripheral portion. The nerve was placed in the temperature chambers, 
and first one, then the other pair of x 
contacts was connected with the elec- 

trometer. BR B 

Examples of the two types of ano- 
malous results are the following. 

An excised nerve kept over 24 Electr, Electr. 
hours was connected as shown and Fig. 8. 
the whole nerve cooled to 4°C. On exciting it with two stimuli 0080” . 
apart, the more central portion was found to give a strong response to 
the first stimulus and but a faint trace of a response to the second one, 
whilst the more peripheral portion gave two responses each fully 
developed. In this case the time relations of the first response in the 
two portions were not identical, the electrical response being of longer 
- duration in the central than in the peripheral portion. 

The following is an instance of the opposite kind. Another kept 
nerve connected as above was cooled to 5°C.; two stimuli occurring at 
intervals of 0053”, gave obvious double electrical responses in the more 
central portion although the second response was quite imperceptible 
in the more peripheral portion. In this case also the time relations 
of the electrical responses in the two portions were not identical, 
the response obtained from the central being of shorter duration 
than that obtained from the peripheral part of the nerve. It is 
worthy of note that the contacts in the latter part were further apart 
than in the more central portion. 

It thus appears that the electrical response in various parts of a 
kept nerve does not necessarily have the same time relations, and since 
these largely determine the critical interval, the duration of this interval 
cannot be the same in such different portions. Hence two excitatory 
disturbances which by arousing in succession the nervous metabolism 
are propagated along such a nerve, may, if the interval between them 
is appropriate, cause two distinct excursions of the electrometer when 
the instrumental leads are connected with one part of the nerve and 
yet may cause only one such excursion when the leads are connected 
with another part. | | 

There can be little doubt that in these instances two excitatory _ 
disturbances were produced and were propagated, hence it would 
appear that the absence of a second perceptible electrical change in 
any one part of the nerve does not necessarily imply the absence of the 
excitatory disturbance. In explanation of this we suggest that an 
electrical response indicative of a second excitatory disturbance is not 
manifested in these cases owing to the circumstance that a previous 
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electrical effect is still in existence, this effect having been evoked by 
the first stimulus. 

There is one other factor which may be briefly alluded to. The 
electrical response is a difference of potential between the contacts ; 
its time relations, at any rate in uninjured nerve, must therefore be 
modified by the distance between these contacts. In all the above 
experiments the influence of this factor was kept in view. We have 
obtained records which show that as far as diphasic effects are concerned 
there is a certain “critical ratio” between rate of propagation, distance 
between contacts, and duration of electrical effect. Since the critical 
interval appears to us to depend upon these time relations, the 
distance between the contacts will have some share in determining its 
value. The conditions under which varying distances of leads affect the 
result of diphasic electromotive effects in polarizable conductors are 
physical rather than physiological; they cannot be advantageously 
discussed here and will be dealt with by one of us (G. J. B.) in a separate 
communication. 

Apart from this the physiological phenomena appear to suggest 
some such view as the following in order to account for their production. 

The experiments by Boycott already referred to, on the production 
of two. excitatory states, show that the failure of the second electrical 
response is in a large number of instances associated with a corre- 
sponding failure in the production of a second excitatory state. 
But the excitatory disturbance and the electrical response although 
intimately associated are not identical, and the anomalous instances 
just referred to are explicable on the supposition that the duration 
of the latter may exceed that of the former. There is no inherent 
improbability in the supposition that the effect should last longer 
than its releasing cause. It has been shown that the presence of 
the excitatory disturbance is associated with a period of diminished 
excitability, and if a second stimulus is applied during this period no 
second disturbance is evoked and no second electrical response appears. 
But in addition the presence of the effect, te. an electrical response, 
may itself interfere with the possibility of such an effect being again 
manifested, even when the releasing cause is reproduced. 

It would thus be possible for a second stimulus to occur at such an 
interval that the shorter period of diminished excitability for excitatory 
disturbance has passed, whilst the interference due to the presence of 
the more lasting electrical response has not had: time to subside. In 
this case two excitatory disturbances would be evoked and would be 
propagated along the nerve fibre, although only the first of these would 
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be accompanied by such differences of potential between nerve contacts 
as constitute the familiar index of the electrical response. 

The presence of w second excitatory state under these conditions 
would not be revealed by electrical changes, and it follows that the 
absence of such an electrical change would not imply an absence of the 
underlying excitatory disturbance. Such a distinction between the 
two classes of phenomena is supported by other well-known facts. 
Regenerated nerves appear to afford one such corroborative illustration. 
' It is a familiar experience to those engaged in work upon electro- 
physiology that excitatory states can be evoked in such nerves, and are 
evidently transmitted at periods of growth when electrical indications 
of their presence are imperceptible. In both muscle and nerve instances 
constantly arise in which these evidences of excitatory electrical change 
are lacking although other evidence of the existence of functional activity 
in response to stimulation is forthcoming. Whatever the explanation 
may be the observations with the electrometer described in the 
present gommunication are most striking examples of the fact 
that the absence of any perceptible electrical response does 
not necessarily imply the absence of a propagated excitatory 
disturbance. 

The electrical method as applied to the determination of nerve. 
activity is one which enables the investigation of nerve excitatory 
phenomena to be carried on with remarkable success. Its employment is 
however not free from dangers, and one of these is the too hasty assump- 
tion that absence or diminution in the magnitude of electromotive 
changes necessarily implies a corresponding condition in that of the vera 
causa, 1.e. that excitatory disturbance of the nerve the propagation of 
which constitutes in familiar language the passage of a nervous impulse. 

The very numerous records which we now possess of the electrical. 
responses in nerve as evoked by one or by two stimuli furnish data 
for the determination of the development and subsidence of the 
electromotive force of such responses under a large variety of con- 
ditions. For such determinations a very large number of analyses 
in accordance with Burch’s method are desirable. We hope at 
an early date to give in detail the results of these analyses, and to 
include among them a reference to such additional points as are of 
importance in connection with the present communication, We 
confidently expect that the analyses will throw light upon the 
question as to how far the possibility of evoking a second electrical 
response is related to a definite phase in the subsidence of a previous 
electromotive effect, and upon the wider question as to whether under 
any circumstances a summation of successive excitatory electromotive 
changes in nerve is a possibility. 
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THE PROTEIDS OF MUSCLE. By G. N. STEWART, M.A. 
D.Sc., M.D., Professor, ann TORALD SOLLMANN, MD., 
Demonstrator of Physiology and Histology in the Western Reserve 
University, Cleveland, U.S.A. 


Historicat Note. By G. N. Stewart. 


Tis investigation was begun by me during my tenure of the George Henry 
Lewes Studentship, in the Cambridge Physiological Laboratory in November 
1890, and continued in the Physiological Laboratory of the Harvard Medical 
School during 1894. A preliminary account of my results was given at 
a meeting of the Physiological Society on Jan. 21st, 1893, and a further 
communication on the same subject was read at a meeting of the American 
Physiological Society in June 1894. In these communications the following 
conclusions were formulated : 

1. The substance in striped muscle which coagulates at or below 49° C. 
(the paramyosinogen of Halliburton) is, in general, present in extracts of 
muscle (made with 5 p.c. magnesium sulphate or 10 p.c. sodium chloride, or 
10 p.c. ammonium chloride) in larger amount than the proteid which 
coagulates between 49° and 59° (the myosinogen of Halliburton). 

2. Paramyosinogen is not simply carried down with myosinogen when 
muscle-plasma, obtained by cold and pressure, clots, or when muscle- 
extracts are precipitated by dilution, or by dilution and heating to 35°—40°, 
but is altered in the same way as myosinogen. Myosinogen is, accordingly, 
not more essential to the formation of the muscle-clot than paramyosinogen. 

3. Saline and watery extracts of cardiac muscle contain, in general, 
the same proteids as similar extracts of skeletal muscle. But saline extracts 
of some hearts contain no myosinogen and a large amount of paramyosinogen. 
Such extracts yield precipitates on dilution and heating in a water-bath 
at 40°, of the same general character as those given by extracts of heart 
muscle containing both paramyosinogen and myosinogen, and as extracts 
of skeletal muscle. | 

4. From the heart muscle of the dog and rabbit a spontaneously 
coagulable plasma can be obtained by washing out the coronary vessels 
with cold normal saline solution, freezing the muscle, cutting it into thin 
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slices, expressing it, and filtering the expressed liquid in the cold. This 
is the case even when saline extracts of the same heart or of the spontaneously © 
formed clot contain no myosinogen. 

5. It is not possible to obtain pure paramyosinogen by adding 50 grm. 
of magnesium sulphate to 100c.c. of a 5 p.c. magnesium sulphate extract 
of skeletal muscle and dissolving the precipitate in water. Only a small 
amount of proteid goes into solution in the water, and this consists of a 


‘mixture of paramyosinogen and myosinogen. 


6. It is not possible by saturating with magnesium sulphate crystals 
a 5 p.c. magnesium sulphate extract of muscle, to completely free it from 
proteids coagulating below 60°. 

7. By long-continued heating at 40° or even at lower temperatures it 
is possible to precipitate the whole of the paramyosinogen in an insoluble 
form either from its solutions or im si#u in the muscle fibres. A distinct 
jelly-like coagulum is often produced without dilution in a 5 p.c. ere 
sulphate extract of muscle placed in a water-bath at 35°—40°. 

8. The relative amount of paramyosinogen and myosinogen in extracts of 
one and the same skeletal muscle was found, within the limits of error of the 
quantitative methods used, the same in early rigor (a few hours after death), 
in well-established rigor (48 hours after death), and after rigor has passed 
off without putrefaction (7 days after death, in a room at a temperature 
a few degrees above freezing point). The resolution of rigor cannot, 
therefore, be due to the conversion of spontaneously coagulable myosinogen 
into non-coagulable paramyosinogen, an explanation which suggested itself 
not unnaturally at a time when solutions of pure paramyosinogen were 
supposed to be incapable of clotting at a temperature below that of ordinary 
heat-coagulation. 

9. It seems, nevertheless, probable that paramyosinogen and myosinogen 


are not absolutely independent of each other; and it is possible that under 


certain conditions the one may be went into the other. 

10. By mechanical means (pressure with the fingers) such changes 
may be produced in fresh muscles that ordinary heat rigor (i.e. the rigor 
which takes place when a muscle is heated for a very short time to a 
temperature below the ordinary heat-coagulation temperature of paramyosi- 
nogen) can no longer be brought about, and this when the escape of liquid 
from the muscle has been entirely prevented. Here, although all the 
spontaneously coagulable constituents of the muscle are still within the 
anatomical muscle, the alteration of their normal position in the muscle fibres 
seems to hinder the development of the rigidity which, had they clotted in 
their normal situation, would have been produced. This experiment evidently 
has a bearing on the well-known fact that ordinary rigor, once established, 
can be broken down by mechanical means, and does not then recur. 
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‘ll. Mere differences of coagulation temperature are not sufficient to 
characterise as chemical individuals the various proteids which have been 
described in muscle. ; 

12. Albumose is absent from normal muscle extracts. % 

13. Hemoglobin or myohematin is partly carried down even at the 
lowest temperature of heat-coagulation. It is not the case that the chief part 
of the hemoglobin, as Halliburton states, is precipitated at 73° along 
with the serum-albumin. 

14, The addition of potassium oxalate to muscle extracts does not 
prevent their coagulation. 

At this point my investigations were interrupted for two years by other 
work. In the meantime the important papers of v. Fiirth' appeared ; and 
it seemed necessary before proceeding to the detailed publication of my 
results to take account of his conclusions, which in many respects agreed 
with my own, and to test certain of them by further work. I accordingly 
suggested to my friend and former pupil Dr T. Sollmann the advisability 
of working the subject over once more as a joint research. In the following 
pages it has not seemed worth while to indicate further than this note has 
already done the portions of the work for which I am alone responsible and 
those which we did together. The methods employed were very much the 
same all through, the main stress being laid on quantitative estimations of 
the various proteids. There are few subjects of research in. which mere 
qualitative methods would seem more likely to mislead. I therefore do 
not consider it necessary to apologise for the publication of a portion 
of the considerable mass of quantitative results at my disposal even 
when they simply confirm conclusions arrived at by others in other ways. 
In my own estimations I determined separately (1) the proteid coagulating 
at 48°5° or under, (2) the proteid coagulating between 48°5° and 58-5", 
(3) the proteid coagulating between 58°5° and 65°, and (4) the proteid 
coagulating between 65° and 80° or on boiling. 


In our joint experiments we contented ourselves with the estimation 
of the first three precipitates only. For while muscle extracts yield a 
precipitate at about the temperature of coagulation of serum-albumin 
it is certain that some of this at least belongs to the lymph, and we 
do not know whether any of it belongs to the muscular fibres. 


1 Arch. f. exp. Path, u. Pharmak., xxxvt. 8, 231, 1895; and xxxvir. 8. 389. 1896. 
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DETAILS OF THE METHOD USED, WITH INVESTIGATION OF SOME 
OF THE SOURCES OF ERROR. 


Extraction of the muscle, A certain amount of the finely chopped muscle 
was weighed and the extrahent added to it usually in the proportion of 5 parts 
by volume of extrahent to 1 part by weight of muscle. In the earlier 
experiments the blood was first removed by washing out the vessels of a 
newly killed animal with normal saline solution, but in the later experiments, © 
in which we weré only concerned with paramyosinogen and myosinogen, 
this was deemed unnecessary, since no similar bodies occur in blood. The 
mixture of muscle and extrahent was allowed to stand, with occasional 
stirring, at a temperature always below 12°C., for 20 to 24 hours, then 
strained through linen. The residue was usually squeezed out strongly. 
The liquid was filtered through paper, and the determinations of the proteids 
made in the filtrate. 

Arrangement for heat-precipitation. 50 or 100-c.c. of the solution was — 
put into a beaker of about 120c.c. capacity. A number of beakers (some- 
times as many as ten) were usually heated at one time. The beakers were 
supported by rings in a large shallow tin basin containing 7 litres of 
water. It was heated by a rose-burner having a piece of sheet-iron rather 
larger than the bottom of the basin laid over it to distribute the heat. The 
beakers were immersed till almost the whole of their contents was below the 
surface of the water. A thermometer was supported in the bath, and 
another with a stirring rod was placed in each beaker. All the thermometers 
weré corrected by comparison with a Charlottenburg standard thermometer. 
The temperature in the various beakers did not differ by more than a third 
of a degree. The liquid in them was frequently stirred. A slow rate of 
heating was adopted. Usually about 30 minutes were needed to bring the 
solution to the temperature at which the first precipitate came down. It 
was kept between this and the maximum temperature allowed for the 
particular proteid for from 20 to 30 minutes. The beakers were then 
removed from the bath and either filtered at once or left to settle for a few 
hours. The precipitates were collected on dried and weighed ashless filters, 
and washed, first with 20 to 40c.c. of the extrahent, the washings being 
added to the filtrate; then with boiling distilled water until the washings 
gave no turbidity with barium chloride or silver nitrate (according to 
whether a solution of sulphate or chloride had been used as extrahent). The 
precipitates were next washed with 95 p.c. alcohol, dried at 110° to 120°, and 
weighed. In some cases the ash was determined and subtracted from the 
weight of the precipitate, but usually this was not thought necessary. The 
filtrate and first washings were again heated, and kept for 5 to 10 minutes 
at the maximum temperature corresponding to the first precipitate; then 
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if no marked turbidity appeared, raised slowly to the temperature at which 
the next precipitate occurred, and treated as before. 


Differences in the appearance of the precipitates. Great differences 
were noticed in the character of the precipitates and in the manner of 
filtration. But we cannot agree with Hewlett’, that such differences 
in heat-precipitates are indicative of chemical differences; for we 
found that both paramyosinogen and myosinogen’® usually coagulated 
in large flakes, but sometimes as a fine powder, sometimes as a dense 
turbidity, and sometimes, again, as a jelly-like clot. We agree in 
regard to this with v. Fiirth*, who in particular did not find the 
myosinogen precipitate “sticky,” as Halliburton did. Palladin‘ 
observed similar variations in the case of vegetable proteids. His 
“ plant-vitellin” in certain degrees of concentration came down as 
flakes, in others as a gelatinous mass. 


Differences in filtration. Filtration was most difficult in the case 
of paramyosinogen, less difficult with myosinogen and easy with 
myoglobulin. Different extracts behaved very differently in regard to 
filtration, some filtering rapidly and quite clear from the start, others 
filtering slowly and needing repeated filtration to free them from 
turbidity. Greater difficulty was experienced in the case of ammonium 
chloride and sodium chloride extracts than with magnesium sulphate 
extracts. Extracts made with saturated magnesium sulphate, and 
therefore containing no paramyosinogen, usually filtered very readily. 
Occasionally it was impossible, in spite of all our efforts, to obtain 
a clear filtrate. The extract: was then thrown away, and the deter- 
mination abandoned. The difficulty in filtration could have been to a 
great extent obviated by the addition of even small quantities of 
acid; but in the actual determinations acid was never added, since it 
precipitates a portion of the muscle-proteids and alters the coagulation 
temperature of the rest. However, the reaction of all our extracts was 
acid, and remained acid throughout the determination. 


| Temperatures adopted for fractional heat-precipitation. In order to 
render our results comparable it was necessary to fix certain limits of 


temperature for each precipitate. The following table shows the temperatures — 


1 This Journal, xm. p. 510. 1892. 

2 We use Halliburton’s terminology throughout the paper, although, as will be seen 
in the sequel, it appears to need a slight modification. 

3 loc. cit. 

4 Zeitsch. f. Biol. 8. 191. 1895. 
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at which the characteristic proteids in muscle extracts are precipitated 
according to various observers. 


Paramyosinogen Myosinogen Myo. 


Animal Muscle Turbidity Flakes Turbidity Flakes Observer 

Various Various 40 to 47 Demant 
40-43 45-50 55 Danilewski 

Rabbit Skeletal 47 56 63 Halliburton 

oo 42-44 45-49 52-55 56-59 63-65 The authors 
Dog 41-44 45-49 50-52 53-55 56-59 60-65 
is Heart 40-47 47-50 50-51°5 55-56 56-59 62-66 
Rabbit Thigh 44-47. 47-50 50-55 55-65 v. Fiirth 
Cat “ 45-48 60-52 . 55-58 60-64 The authors 
Frog 45 Kiihne 

i, 47-49 BO 538-55 65-58 64 The authors 
aa Heart 44-46 47 §1 


The temperature limits which we finally adopted were for paramyosinogen 
up to 49°5°, for myosinogen 50° to 59°, for myoglobulin 60° to 65°. It must 
be remembered that the temperatures at which these precipitates occur are 
not sharply marked off from each other as the statements of some writers 
might lead one to suppose. Whilst there are certain fairly definite points 
where precipitation is specially prompt and abundant, some turbidity’ or 
even a small precipitate, forms between the maxima, for instance in muscle 
extracts between 51° and 53°. We always counted this precipitate, when 
there was one, with the myosinogen, since the percentage differences between 
duplicate or triple determinations are less if this is done than if it is reckoned 
with the paramyosinogen. Exps. 1 and 2 illustrate this. Both were performed 
on 5 p.c. magnesium sulphate extracts. In Exp. 1, two, and in Exp, 2, three 
parallel determinations were made. In Exp. 1 the relative amount of the 
precipitate between 51° and 53° was exceptionally large. 


_ Experiment 1. . Experiment 2. 
Temperature a b Difference a b c Difference 
‘Paramyosinogen 45°—49° °0678 ‘0623 ‘0055 | ‘2325 2342 2380 0055 
51—53 0417 0254 0265 
Myosinogen 54—60 0678 0540 0138 | 0489 0515 ‘0544 
Paramyosinogen 45—53 +1095 ‘1313 0218 | -2579 ‘2557 ‘2645 0088 
Myosinogen 51—60 1230 ‘0135 | 0743 0730 0809 ‘0066 


1 Very small differences in turbidity may be detected by comparing a test-tube 
containing the heated liquid with a control test-tube, containing the unheated liquid 
against a dull black surface. Where only small quantities of liquid are available, as in 
the case of extracts of the frog’s heart, the comparison may easily be made with two 
narrow glass tubes of the same calibre. The tubes are laid side by side on a black surface 
and a black pencil-mark on a piece of white paper is viewed through them. The liquid may 
be heated in such tubes, the ends being closed by bits of rubber tubing stopped with glass 
rod. | 
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As we could not find any difference, beyond the slight difference of 
coagulation temperature, between myosinogen and “myoglobulin,” we are 
inclined to agree with v. Fiirth that they are one and the same substance. 
But we preferred to estimate them separately, so that the results could be 
used by any who hold the view that they are distinct. In calculating the 
ratio of paramyosinogen to myosinogen (P : M) we have always added the 
myoglobulin to the myosinogen. The following table containing a few of 
= our duplicate determinations taken at random will give an idea of the degree 
of accuracy of our method. 


Exp. a b a and b ren error Exp. a b aandb error’ error 
3 1184 “1157 1170 -0018 12 Paramy. 4 0446 0468 0457 -O011 2:4 
0318 03138 0313 0 0 Myosin. 0119 01438 
0094 0076 0085 0009 10°5 Myoglob. 0148 0166 ‘0019 11°4 
‘2775! -27038 ‘27386 0036 13 Total 07138 0820 ‘0766 0053 69 
5 0618 ‘0588 ‘0015 2 Myosin. 6 ‘1354 ‘0024 2 
0118 "0160 0139 0021 18 Myoglob. 0118 0114 0114 ‘0001 1 
0736 ‘0742 ‘0006 1 Total “1420 -1468 ‘1444 ‘0024 2 
7. 0698 0599 0649 ‘0050 8  $=Paramy. 8 00757 -0038 0057 ‘0019 33. 
0296 0247 ‘0272 9 Myosin. “0544 ‘0570 0557 ‘0013 2 
0175 0171 +0173 0002 #1 Myoglob. ‘0141 0063 0102 0039 38 
‘1169 ‘1017 ‘1094 ‘0077 7 Total ‘0760 ‘0671 ‘0716 0044 6 


It will be seen that the method yields tolerably congruent results 
except where the quantity of the proteid is small, as in the case of the 
precipitate separating at 60° to 65°. For certain purposes, including 
those for which we used it, this quantitative method appears to be an 
adequate one, although, as everyone knows who has worked much at 
the estimation of proteids, any method in which precipitation by heat 
is employed leaves much to be desired. Whether the method of 
fractional heat-coagulation can be properly used for the characterisation 
and quantitative separation of proteids is another question, and has 
been the subject of prolonged discussion. 

Halliburton has used the method in numerous researches’, on 
the proteids of blood-serum, muscle, milk, &c. In all these he assumed 


1 In this Exp. the total proteid was determined by boiling the filtrate after separation 
of the myoglobulin. In the others the total includes only the substances coagulating 
below 65°, 

2 Here the paramyosinogen had doubtless for the most part undergone the change 
referred to hereafter as ‘“‘ spontaneous clotting.” 

* This Journal, v. p. 152, 1884; vir. p. 319, 1886 ; vit. p. 133, 1887; rx. p. 229, 1888; 
xt. p. 448, 1890; xm. p. 806, 1892; xv. p. 90, 1894; and xvur. p. 306, 1895. 
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that even minute differences in the temperature of coagulation, as 
determined under conditions with the degree of constancy attained in 
his experiments, furnished evidence of the probable existence of distinct 
_ proteid bodies. A similar line was taken by Corin and Bérard’. 

An energetic protest against the unguarded use of the method of 
fractional heat-coagulation was entered by Haycraft and Duggan’, 
and by Haycraft*. They state that the coagulation temperature of 
proteids is raised by diluting their solutions. When, therefore, the 
greater part of a given proteid has been removed by heating the 
solution to the temperature at which coagulation first occurs, the 
remainder, being much more diluted, will not be precipitated until a 
higher temperature is reached. They also point out the possibility 
that during the heating, if it be prolonged, an alteration may be 
produced in the proteid which will raise its coagulation temperature. 

Halliburton‘ in his paper on the proteids of milk, Hewlett® in 
a research carried on under Halliburton’s guidance, and Frédericq’‘, 
on behalf of Corin and Bérard, reply to the objections of Haycraft 
and Duggan. Hewlett asserts that the failure of dilute solutions 
to coagulate is due to an acid or alkaline reaction and consequent 
changes in the proteids, and not to simple dilution. Hewlett seems 
to attribute Haycraft and Duggan’s results to their having added 
too much acid, Halliburton and Frédericq to their having added 
too little. 

Several observers have investigated the influence of salts on the 
temperature of coagulation. Corin and Ansiaux’ find that the 
presence of salts lowers the coagulation temperature. Varenne’, 
however, stated that this is only true of some salts; others (e.g. mag- 
nesium sulphate in strengths of from 0°9 to 10 p.c. and sodium chloride 
6 p.c.) raise it, while some (as sodium sulphate) have no effect. 
Limbourg® arrived at the conclusion that when the percentage of 
salt is increased within certain limits the coagulation temperature is 
first raised and then lowered. Halliburton asserts that 10 p.c. 


1 Arch, de Biologie, 1x. p. 1. 

2 Brit. Med. Journ, p. 167. 1890. 

3 Centralb. f. Physiol. m1., 8. 474, 1890 ; ibid. Bd. tv. p. 1. 
* This Journal, x1. p. 448. 1890. 

5 Ibid, xur. p. 493. 1892, 

6 Centralb. f. Physiol. ut, 8. 601 and 633. 1890. 

7 Bull. de VAcad. roy. Belg. xxt. 3° sér. p. 345. 1891. 

8 Compt. rend. ot. p, 129. 

® Zeitsch. f. phys. Chem. xu. p. 450. 1889. 


ox 
Se 
f 
, 
a 
+. 
x 
og 
= 
x 
4 
ys,” 
} 
aa 


PROTEIDS OF MUSCLE. 435 


sodium chloride depresses it, while 5 p.c. magnesium sulphate does not. 
This conclusion as regards magnesium sulphate is opposed to that of 
Ringer and Sainsbury’, who find that magnesium sulphate lowers 
the coagulation temperature of the serum proteids. Rossbach® stated 
long ago that some alkaloids, and especially quinine, lower the tem- 
perature of coagulation of egg and muscle proteids. : 
To sum up the present state of opinion, we may say that practically 
everyone is agreed that the temperature of heat-coagulation of proteids 
may be modified by the reaction of the solvent and the presence of salts. 
According to some the coagulation temperature also depends on the 
degree of concentration of the proteids and the rate and duration of 
heating, the latter influence being possibly connected with changes 
produced in the proteid by the heating. 

As to the applicability of the method of fractional heat-coagulation 


as a means of identifying and separating different proteids, all are 


agreed that when the coagulation temperatures fall far apart the 
method gives trustworthy results, or at least affords useful indications 
which ought to be followed up by other methods, But there is great 
difference of opinion as to its reliability when the differences in 
coagulation temperature only amount to two or three degrees, the 
weight of the evidence being, in our opinion, against it. 

We have reinvestigated the effect of several of the alleged influ- 
ences, but only as regards the coagulation of the muscle proteids, 
and we desire expressly to say that our results ought not to be 
indiscriminately applied to the coagulation of all proteid solutions. 

The effect of acidulation of muscle extracts. All previous workers in 


this field are agreed that acids, including even acetic acid, produce a 


precipitate in muscle extracts. But while Halliburton states that 
myosinogen alone is so precipitated and paramyosinogen not, v. Fiirth 
asserts that both are precipitated. v. Fiirth’s statement agrees with our 
own observations. The precipitate has a tendency to redissolve in an 
excess of acid. Further, we have found that not only does acidulation 
cause some of the proteid to be precipitated, but the coagulation 
temperature of the rest is lowered. This is particularly true of the 
paramyosinogen. 


Thus in one experiment in an acidulated extract of frog’s heart precipi- 
tation occurred as low as 25° to 30°. In an extract of rabbit's heart the first 


1 This Journal xm. p. 170, 1891. 
2 Ref. in Jahresber. f. Physiol. (Hofmann and Schwalbe), 1. 8. 459. 1873, 
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precipitate occurred before acidulation at 45° to 50°, after acidulation at 25° to 
30°. These, to be sure, are extreme instances in which comparatively large 
quantities of acid were added. But even small quantities bring about distinct 
changes. Thus in 5 p.c. MgSO, extracts of skeletal muscle from three dogs, 
the temperature at which the first precipitate occurred fell after slight acidula- 
tion from 47 to 37, from 49 to 46, and from 51 to 48 respectively. Again, a 
5 p.c. MgSO, extract of the thigh muscles of a dog became turbid at 48° and 


- flaked at 55°. On adding to 25 c.c. of the extract five drops of 1 p.c. lactic 


acid, these temperatures became respectively 37° and 50°, and on adding to 
25 c.c., 2 ¢.c. of 1 p.c. lactic acid, the extract flaked at 39°. 

Of the acids tried (in 1 p.c. solution) sulphuric acid had the greatest 
effect, then formic, acetic, and lactic acids, in this order. The following 
quantitative experiments illustrate the effect of acidulation on the amount 
of the various precipitates. 


ome: lated lated ackfalation Proteid Exp. of coag. acid Acid Difference 
9 45°—48° -2086 +1770 -0316 Paramy. 10 to49° 1528 0866 0662 
55—58 0959 0578 --0381 Myosin. 49°59° +0430 0735 +0805 
58 —100 0408 +-0064 Myoglob. 60 —65 0 0175 +°0275 
and serum : 
proteid 
‘8453 2820 -—-0683 Total ‘1958 ‘1776 --0182 


In Exp. 9 a 5 p.c. MgSO, extract of rabbit’s thigh muscles was 
acidulated with dilute sulphuric acid. In Exp. 1Q, 50 c.c. of a 5 p.c. MgSO, 
extract of dog’s thigh muscles was: acidulated with 10 drops of 1 p.c. lactic 


acid. The estimation was made in both cases without filtering after 


acidulation. 


We see that the total precipitable proteid (in originally moderately 
acid extracts) is decreased by acidulation, the brunt of this decrease 
falling on the paramyosinogen. The myosinogen may sometimes be 
apparently increased, presumably owing to the lowering of the coagu- 
lation temperature of the serum globulin: The changes are so great 
as to preclude the addition of any acid in quantitative work. Never- 
theless it is absolutely necessary for the solution to have an atid or at 
least a neutral reaction. For, as Demant pointed out, an alkaline 
extract will not be precipitated at 47° even in several hours. For- 
tunately, however, the reaction of the extracts is usually freely acid. 
Since the degree of the natural acidity may be supposed to some 


1 MgSO, or “ magnesium sulphate” always means in this paper the crystallized salt 
(Mg8O,, 7H,0). 
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extent to influence the temperature of coagulation, certain incidental 
observations on this point may be inserted here. 


Reaction of extracts of muscle. 1. Fresh aqueous or saline extracts 
of muscle are always acid or amphoteric. 

2. The degree of acidity, in extracts of skeletal muscle, although 
variable, appears to be usually less than in extracts of cardiac muscle. ~ 

8. When extracts are allowed to stand, whether at a low tem- 
perature or at 37°, the acidity usually increases. Ultimately when 
putrefaction sets in, the reaction becomes alkaline (in 20 days in the 


cold ; in one to three days at 37°). 


& 


4. In several extracts kept at 37°, the alkaline reaction resulting 
from putrefaction was again replaced by acidity in the course of about 
two days from the time at which the extract first became alkaline. 

5. Dialysis caused an increase in acidity, coincident of course with 
the formation of a globulin precipitate. 

6. After heat-precipitation of the paramyosinogen and myosinogen, 
the reaction was always more acid than before the heating. 

The influence of salts on the temperature of coagulation. We did not 
make any special experiments on this subject, but we incidentally 
observed that magnesium sulphate when present to the amount of 5 p.c. 


slightly raises, and when present to the amount of 50 p.c, somewhat 


depresses the coagulation temperature of the muscle proteids. 


The wnftuence of the quantity of proteid in solution. On this point 
we performed a considerable number of experiments, both qualitative 


and quantitative, diluting the muscle extracts with known amounts of 


the extrahent. The following are specimens of our results obtained 
with extracts of the thigh muscles of dogs : 


No. of 
Exp. 


11 


12 


undiluted 
+6 vols. of extrahent 


undiluted 
+8 vols. of extrahent 


+ 10vols. of extrahent 


T of 
Ist precip. 


48°5° 


47 


47—50 


turbid at 54° 
flakes at 58°4° 
turbid at 51° 
flakes at 55° 
turbid at 54°5° 
flakes at 56°—59° 


Extrahent 


5 parts by vol. of 10 p.c. 
ammonium chloride to 


- 1 part by weight of 


muscle 


5 parts by vol. of 10p.c. 
NaCl to 1 part by weight 
of muscle 
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Extract Difference Extract Difference 

No. of T of Undiluted + 8 vols. due to + 10 vols. due to 
Exp. Proteid ecagaiatiets extract extrahent dilution extrahent dilution 
| Myosinogen  50°—59° 1070 +0030 «1200 #180 
©3 Myoglobulin 60-65 0646 +-0018 0476 - 0152 
Serum proteid 66—100 0595 0656 +0061 0920  +-0335 

\ Total ‘4687 +4476 -4788 +0061 


In another experiment, in which a dog’s thigh muscles were extracted 
with five volumes of 10 p.c. NH,Cl solution, the paramyosinogen (the 
precipitate at and below 49-5’) in a measured quantity was ‘7285 grm. In 
the same quantity of extract diluted with five volumes of the 10 p.c. NH,Cl 
solution it was ‘7222 gim., a difference of less than 1 p.c. 


We conclude that, within the limits of error of our method, 
differences in the percentage proteid content have no appre- 
ciable effect on the temperature at which precipitation 
occurs, although there may be a slight effect on the complete- 
ness of precipitation, dilution rather favouring incomplete 
precipitation. 

Experiments in which muscle was extracted for the same length 
of time with very different quantities of water or saline solutions gave 
similar results. | 

Influence of the duration of the heating. We will consider here only 
the influence on the amount of proteid precipitated, of varying the 
duration of the heating within moderate limits, with the view of finding 
for what length of time it is most advantageous to heat in order to 
obtain fairly constant and comparable results. Halliburton and most 
other workers have contented themselves with heating until flakes 
appear, filtering and reheating. If no precipitate occurs before or as 
soon as the original coagulation temperature is reached, they at once pro- 
ceed to heat up to the temperature at which the next precipitate comes 
down. Haycraft’s objection, that the second heating at the tempera- 
ture of first coagulation has not usually been sufficiently prolonged, and 
that in consequence a portion at any rate of the second precipitate may 
really belong to the first, appears to us to be sound. So that if we heat 
a muscle extract for a very short time we run the risk of not preci- 
pitating all the paramyosinogen. Yet if we heat for a long time, we 
certainly run the risk of causing changes in the myosinogen which will 
determine its precipitation at an abnormally low temperature. The 
following experiment shows clearly that these dangers are not imaginary, 
but that the apparent quantities of the various proteids can be 
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markedly altered by varying the duration of the heating. In particular, 
the increase in the ratio of the paramyosinogen to the myosinogen 
(F) with the length of heating is very striking. 

Exp. 14. Dog’s thigh muscles extracted with 5 volumes of 5 p.c. 
MgSO, solution. All determinations made in duplicate. The average 
difference between the corresponding duplicate observations was -0054 grm. 
~ Only the means of the duplicates are quoted. Ten beakers containing the 
extract were put together into the bath. The first pair (4) were taken out 
immediately after the required temperatures were reached ; the second pair 
(B) were left in 10 minutes after each temperature was reached ; the third 
pair (C), half-an-hour; the fourth pair (D), an hour; the fifth pair (£), 
24 hours. The same length of time was consumed in raising each pair of 
beakers to the corresponding temperatures. In the columns d—/, B—E, &c. 
are given the differences between the amount of the various precipitates in 
A and £#, &. Opposite a stands the ratio of the amount of paramyosinogen 
to that of myosinogen, the ‘‘myoglobulin” precipitate being reckoned with 
the myosinogen. 

to 49°5° 1020 --0531 +1161 1160 -0391 +1340 --0211 °1551 
50°—59° 0517 -°0010 0540 +0013 ‘0568 +0041 


60—65 0287 -‘0010 — 0293 - 0005 ‘0335 +0043 ‘0297 
66—100 0113 +0011 — 0069-0033 0121 +0019 0102 
Total ‘20385 --0408 — 2083 "03845 ‘2323 -O0015 2438 
P | 

i 1-06 1°39 1°48 1°88 


The best that can be done under these circumstances is to adopt 
some arbitrary standard to render the results, as far as possible, 
comparable. As the figures for 10 minutes and for half-an-hour agreed 
most closely, we accepted 20 to 30 minutes as the best time. 


THE PROPERTIES OF THE MUSCLE PROTEIDS. 


We first attempted to obtain pure paramyosinogen and myosinogen 
by the methods of Halliburton. 

We tried all his processes as carefully as possible, but failed to 
get the results which we had expected. The difficulties which we at 
first experienced in separating and washing the precipitates obtained by 
the methods of fractional precipitation with salts were overcome by 
means of the centrifuge, but when we attempted to redissolve them 
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only a small portion went into solution, and in all cases the solutions 
so obtained gave precipitates both at or below 49°5°, and between 56° 
and 59°. As regards the method of obtaining myosinogen by heating a 
solution of the muscle-clot to 49° we met with no success, for the 
reason that when the muscle-clot is carefully separated from the serum 
it appears to be almost insoluble. v. Fiirth was similarly disappointed 
in these methods, although he states that by methods of his own he 
succeeded in obtaining pure solutions. We did not attempt further to | 
obtain the pure proteids, but determined to adopt the quantitative 
method we have described, our general idea being to estimate the various 
_ proteids before and after subjecting the extracts to the conditions which 
it was desired to study. Although a great part of the work in this line 
was completed before v. Fiirth’s researches were published, our results 

are, in the main, in accordance with his conclusions. : 


1. Spontaneous precipitation. 


The general tendency of proteids to pass into insoluble, apparently 
more stable modifications, is well known. Even mechanical changes 
may determine this transformation. Ramsden’, for instance, has 
shown that simple shaking suffices to precipitate egg-albumin and 
many other proteids, including the muscle proteids. The latter appear 
to be particularly ready to fall into insoluble forms, for the change may 
take place spontaneously, that is without known external cause. The 
occurrence of such spontaneous precipitation in muscle extracts has 
long been recognised. Danilewski* frequeritly found his ammonium 
chloride extracts turbid, or sometimes even containing separated flakes. 
v. Fiirth has called special attention to the phenomenon, which he has 
used largely in building up his theory of “muscle-clotting.” The 
following quantitative experiments of our own show that even after 
standing for two days in a cold room a third of the paramyosinogen may 
_ have been precipitated from a muscle extract (Exp. 15). In Exp. 16, 
after standing a week at a low temperature a 5 p.c. magnesium sulphate 
extract contained neither paramyosinogen nor myosinogen. But ap- 
parently the myosinogen had undergone spontaneous clotting in the 
muscle even before the extract was made. In Exp. 17, after 17 days 
at a low temperature an extract made with saturated magnesium 
sulphate, in which paramyosinogen is insoluble, had more than half 

1 Archiv f. (Anat. u.) Physiol. 8. 517. 1894. 
2 Zeitsch. f. phys. Chem. 1, 8, 158, 
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of the myosinogen precipitated. The formation of this spontaneous 
precipitate was always accompanied by an increase in acidity. Pre- 
cipitation occurred, in general, more rapidly in concentrated salt 
solutions than in weak salt solutions. 


Exp. 15. Exp. 16. Exp. 17. : 
Original stand-| Original After stand- Original stand- 
Temp. extract ves days extract ing 7 days extract ing 17 
Air 0996 *0407 
to 49° 0641 0446 "0755 0 0 
58 0 0 
50°-—59° 0091 0119 0 0 0230 0228 
66 —100 0632 0727 
Total "1340 “1490 


In Exp. 15, a dog’s heart was extracted for 24 hours with 5 volumes of 
5 p.c. MgSO,. At the end of that time determinations were made on portions - 
of 50 ¢.c. of the extract. The remainder was set aside in a cold room (8’—15") 
for two days. A large powdery precipitate had now separated; this was 
insoluble in water and in 5 p.c. MgSO,. The solution had become strongly 
acid, and had lost much of its hemoglobin. The precipitate was filtered off 
and determinations made on the filtrate. 


In connection with spontaneous clotting, we may further mention 
some curious facts, of which we are unable to suggest any explanation. 

In Exp. 15, as we have seen, the extract of the heart after standing 
for two days deposited a precipitate ; an extract of the thigh muscles of 
the same animal, made with the same menstruum, at the same time, 
and kept in exactly the same way gave no precipitate. 

In Exp. 18 the thigh muscles of a dog were extracted with different 
menstrua under exactly the same conditions, with the following results : 


5% MgSO, 10% NaCl 10%, NH,Cl 
Paramy. Myosin. Paramy. Myosin. Paramy. Myosin. 
Thigh 0 2208 1706 j|§ ‘7285 ‘3652 
P 


Heart 1825 *1046_~ 


Here the myosinogen had evidently become insoluble in the muscle 
for the 5 p.c. MgSO, but not for the other menstrua. 

In another case the paramyosinogen had similarly become insoluble 
in the thigh muscles of the dog for 5 p.c. MgSO, the analysis giving 
‘0059 grm. of paramyosinogen to ‘1158 grm. of myosinogen., 
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These examples illustrate sufficiently the possibility of 
one or both of the characteristic muscle proteids becoming 
insoluble in the muscle itself, a fact which, of course, empha- 
sises the necessity for caution in judging of the quantitative 
relations of the proteids in the muscle from their relations 
in extracts. 


2. The effect of long-continued heating. 


The following quantitative experiments show that by long-continued 
heating, the whole or a very large proportion both of the paramyosinogen 
and of the myosinogen may be precipitated in an insoluble form at or 
below 40°, both in extracts and in situ in the muscle. 

For shorter periods of heating, such as Halliburton used in 
certain of the experiments by which he attempted to prove that the 
myosinogen in extracts of muscle can be caused to clot repeatedly in a 
still soluble form, true heat precipitation of the proteids also occurs. 


No. of Fresh Heated | No. of ‘Fresh Heated 
Exp. Temp. extract extract Exp. Temp. extract extract 
19 87° for9 days 0425 | 23 87° for 16 hrs. ‘1949* 
to 49°5° 0030 to 48° 0 
50°—59° 0573 48°—58° 0959 
60 —65 01389 60 —80 ‘0460 0576 
20 87° for 9 days 0863 | 24 40° for 8 days ‘1818 
to 49°5° 0044 «0 to 49°6° 0 0 
50°—59° 0610. 0 50°—59° 02380 0228 
60 —65 0057 (0 60 —65 
21 40° for 5 days 0.140 65 —100 “0088 "0654 
to 49°5° 0755 0046 non-coag. ‘0124 
50°—59° 0 0 * diff 
60 —65 0040 
65 —100 0053 
45°—49° for 2280 
24 hrs 
to 49° forusual °1528 
time 
50°—59° 0480 
60 —65 0 0126 


In Exps. 19, 21, and 22, dog’s skeletal muscle was extracted with 5 p.c. 
MgSO,; in Exp. 23, rabbit’s skeletal muscle. In Exp. 20, dog’s heart muscle 
was extracted with 5 p.c. MgSO,.. In Exp. 24, dog’s skeletal muscle was 
extracted with a saturated solution of MgSO,, in which paramyosinogen 
is insoluble. In all the experiments a considerable amount of coagulable 
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proteid was rendered non-coagulable during the prolonged heating, doubtless 
owing in part to bacterial action, as no precautions were taken to keep the 
extracts sterile, 


Similar results were obtained when the muscle was heated before 
extraction, as Exp. 25 shows. 


Exp. 25. An extract of the muscles of one thigh of a cat killed a 
short time before was made by adding 100 parts by volume of 10 p.c. NH,Cl 
to 26 parts by weight of muscle. Left in cold for 48 hours, and proteids 
then determined. The other leg was put into a bath at 42°, and kept there 
for 48 hours, An extract was then made of the thigh muscles with the same 
amount of NH,Cl as was used before. Left in cold for 48 hours, and proteids 
then determined. | 


Extract of Extract of 
Temp. fresh muscle heated muscle 
45°—48° ‘8145 _ only slight turbidity 
55 —68 015 039 
60 —67 0 "015 
67 —100 004 ‘019 
Total proteid "8335 "0738 


v. Firth obtained results similar to ours, but he does not appear 
to have succeeded in precipitating the whole of the paramyosinogen 
or myosinogen, as we have repeatedly done. 


3. Solubility of the muscle proteids in salt solutions — 
and water. 


(1) The effect on the muscle proteids of saturation with magnesium 
sulphate. 


Exp. 26 shows the proportion of the total proteid in a 5 p.c. MgSO, 
extract of dog’s skeletal muscle which is precipitated by the addition of 
various amounts of MgSO, up to saturation. Saturation removes the para- 
myosinogen completely. In column A are given the determinations of the 
heat precipitates in the original extract, in B the precipitate caused by the 
addition of 21 grm. MgSO, to 80 c.c. of the extract (=20 p.c. of MgSO,), 
in C the precipitate caused by the addition of 40 grm. MgSO, to 80 c.c. of the 
extract (= 33 p.c. of MgSO,), and the heat precipitates in the filtrate, in D 
the precipitate caused by the addition of 80 grm. MgSO, to 80c.c. of the 
extract (= 50 p.c. of MgSO,, making a saturated solution for the temperature 
worked at in winter), and the heat precipitates in the filtrate. | 
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A B 
MgSO, } 0973 
Heated to 49°5° 1999 — ‘1219 0 
49*5°—59° *1848 “0893 
60 —65 0684 — ‘0521 ‘0514 
65 —100 081 — 0468-0478 
Total “12 ‘4626 *5024 


Here there was no precipitate up to 49°5° in the filtrate after 
saturation. Extracts made with saturated solution of magnesium 
sulphate also show no such precipitate. This is illustrated by Exp. 27, 
in which dog’s skeletal muscle was extracted for the same time with 5 p.c. 
MgSO, (A), and saturated solution (B), in each case 5 parts by volume 
of the solution to 1 part by weight of the muscle. Although the total 
amount of proteid extracted by the saturated solution is nearly twice as 
great as that extracted by the 5 p.c. desist there is no precipitate 
in the former up to 49°5°. 


Exp. ‘Temp. A B 

27 to 49°5° 0700 0 
50°—59° 0 0230 
59 —65 0015 0478 
65 —100 “0040 06382 
Total "0755 "1340 


- The effect of saturation of watery extracts of dog’s skeletal muscle ~ 
with magnesium sulphate is shown in Exps. 28 and 29. 
In column A the heat precipitates yielded by the original watery 


* extract are given, in column B the precipitate on saturation and the 


heat precipitates in the filtrate. 


Exp. A B Exp. A B 
28 Saturation 195 29. — ‘277 
Heat to 48° 052 ‘108 097 ‘158 
50°—58° ‘162 232 "142 

58 —100 0 0 | 60°—62° 080 026 

Total 914 ‘894 62 —100 "180 008 

Total ‘589 ‘611 


In Exp. 30 the effects of saturating with MgSO, a 5 p.c. MgSO, 
extract and a watery extract of rabbit's skeletal muscle are compared. 
A, heat precipitates of the original 5 p.c. MgSO, and watery extracts, 
B Pepe after saturation. 
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5°/, MgSO, extract Watery extract 
A B 


Exp. A B 

30 Saturation 
Heat to 48° +563 025 “1:29 
48°-_58° “441 +289 2938 ‘073 
58 —62 032 126 
62 —100 $066 81407 “044 
Total 1102 1:142 ‘551 
Difference between! ,. 

totals in A and °/o 


(2): Effect on the muscle proteids of the addition of smaller quantities 
of magnesium sulphate than is necessary to saturate the extracts. 

Exp. 31 shows the effect of the addition of 50 grm. MgSO, to 
100 c.c. of a 5 p.c. MgSO, extract of dog’s skeletal muscle, a quantity 
which, according to Halliburton, completely precipitates paramyosi- 

nogen. Obviously this is not the case. 


Proteids 
in 100 cc. of 

in 100 c.c. ext. 

of extract by 4 
MgSO, } ‘178 
Heat to 48° "B81 "190 
48°—58° ‘203 ) ‘086 
58 —62 015 161 
62 —100 046 "140 


Total "637 "669 Difference 4°7 °/, 


Extracts of dog’s skeletal muscle made with solutions of magnesium 
sulphate even stronger than half-saturated contain some paramyosinogen. 
Thus in Exp. 32, a muscle was extracted with a 42 p.c. MgSO, solution 
(50 grm. MgSO, made up with water to 100 c.c.). The average of the 
duplicate observations on the amount of the proteids in 100 cc. of the 
extract gave for the proteid coagulating at or below 49°5", ‘0651 grm. 
(maximum difference of duplicates from the mean, 0028), and for the 
proteid coagulating between 50° and 61°, ‘1163 (maximum difference 
of duplicates from the mean, 0068). 

(3) Comparison of the solubility of the muscle proteids in water and 
in dilute salt solutions. We attempted to make this comparison, (a) by 
extracting muscle for the same length of time with the same quantity 
of water and a salt solution, and then determining the proteids in equal 
volumes of the extracts; (6) by dialysing saline extracts of muscle and — 
estimating the proteids as dialysis proceeded. Exps. 33 and 34 are 
examples of (a). In the former dog’s, and in the latter rabbit's skeletal 
muscle was used; in both a 5 p.c. magnesium sulphate extract (4) 

30—2 
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was compared with an aqueous extract (B). It is seen that 
both paramyosinogen and myosinogen are less easily dissolved out of 
the muscle by water than by the 5 p.c. magnesium sulphate, but 
myosinogen is more easily extracted by water than paramyosinogen. 


Ww 
33 to 48° 331 052 34 563 025 
208 162 “441 ) 998) 
62 —100 046 0 066 107 
Total 687 O14 1102 551 
at 45°—48° 
1:27 39 1-19 05 


As an example of the dialysis experiments we may quote 


Exp. 35, in which a 5 p.c. MgSO, extract of the thigh muscles of a dog 
was dialysed for five days (first against running tap-water for two days, and 
then for three days against distilled water). A heavy precipitate was still 
given with barium chloride, and the contents of the dialyser still yielded 
‘138 p.c. of ash. The dialysed extract was filtered and the proteids in it and 
the original extract estimated. 


Exp. Temp. extract 
35 to 49°5° 
50°—59° 1079) 0818 
59 —65 1079 meu 0601 
65 —100 0954 0222 
Total 5789 0898 
at 40°—49°5° 
at 40°—65° 
| 1-21 


We further tested the matter by leaving some chopped muscle for 
24 hours in running water, kneading it frequently. It was then 
covered with water in a beaker and allowed to stand for 24 hours. 
The water was then filtered off. The filtrate showed only the faintest 
opalescence on boiling. The residue of the muscle was now covered 
with 10 p.c. sodium chloride solution and left 24 hours. The filtrate 
from this extract showed abundance of both paramyosinogen and 
myosinogen. Both are, therefore, much less soluble in water than in 
the salt solution. 
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We may here sum up the conclusions which appear to follow 
from these quantitative experiments on the solubility of the muscle 
proteids : 

Paramyosinogen is a typical globulin, being completely precipitated 
by saturation with magnesium sulphate or by dialysis. Where in 
watery extracts of muscle a precipitate is still caused by heating to 49° 
after saturation with magnesium sulphate, we are inclined to believe 
that this precipitate consists not of paramyosinogen but of myosinogen 
whose coagulation temperature has been depressed by the saturation. 
For not only is the precipitate at 50° to 59° diminished but also those 
at 60° to 65° and at 65° to 100°, and the diminution of the precipitate of 
serum-albumin can only, so far as we see, be explained by a depressing 
action of saturation on the coagulation temperature. Further, the preci- 
pitate obtained by heating to 48° or 49°, may in watery extracts be 
actually greater in amount after saturation with MgSO, than before. The 
addition of magnesium sulphate to 5 p.c. MgSO, extracts to the amount 
of 33 p.c. causes the precipitation not of all the paramyosinogen but 
only of about 40 p.c. of it. Paramyosinogen is only slightly soluble in 
very dilute saline solutions, such as are formed when muscle is extracted 
with a large quantity of distilled water. It is probably insoluble in 
distilled water. | 

Myosinogen shows the same general properties as regards precipi- 
tation, but to a less degree. Saturation with magnesium sulphate 
precipitates 39 to 69 p.c. of the amount present in a solution, the mean 
of our experiments being 47 pc. The addition of an amount of 
magnesium sulphate equivalent to 33 p.c. precipitates from 30 to 55 p.c. 
of the myosinogen, and almost as much of paramyosinogen. Myosinogen 
is only slightly soluble in very dilute solutions of salts, though more 
soluble than paramyosinogen, since the ratio 7 is conspicuously less 
in aqueous than in saline extracts of muscle. Probably it is insoluble 
in distilled water. It is not so readily or so completely precipitated by 
dialysis as paramyosinogen. This is strikingly shown by the diminution 
in the ratio as dialysis goes on. 

Myosinogen appears to be an atypical globulin occupying an inter- 
mediate position between the typical globulins and the albumins. 
Both proteids are apt to pass “spontaneously ” into an insoluble form. 
The conditions influencing this conversion are imperfectly known. It 
is, however, favoured by moderate heat, by an acid reaction, and by the 
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presence of proteids already precipitated. It takes place in the muscle 
itself as well as in extracts. 

As regards the solubility of the muscle proteids in solutions of 
other salts than magnesium sulphate we made only a few quantitative 
experiments, of which we may cite as an example 


Exp. 36. Dog’s thigh muscles were extracted for the same length of 
time with the same quantity of 5 p.c. MgSO,, 10 p.c. NaCl, and 10 p.c. 
NH,Cl (140 grms, of chopped muscle to 700 c.c. of extrahent). Four parallel 
determinations were made for the proteids in the MgSO, extract, two for the 
NaCl extract, and three for the NH,Cl extract. The averages are given in 
the table. 

Temp. MgSO, NH,Ci 


to 49°5° 0725 2208 
50°-59° 1198 ) 8440) 
59 —65 0 1706 
65 —100 0 0724 0245 
Total 0725 “4688 1-182 
at 40°—49°5° 
at 40°—65° 
1-29 1-99 


By one of those caprices to which the muscle proteids seem to 
be liable, spontaneous clotting appears to have taken place in the 
portion of muscle covered with the magnesium sulphate solutions and 
not in the others. The residue had a curious “cooked” appearance. 
The determinations for the magnesium sulphate extract cannot, there- 
fore, be compared with the others. But both paramyosinogen and 
myosinogen seem to be more soluble in (or at least to be more readily 
extracted by) 10 p.c. ammonium chloride solution, than in 10 p.. 
sodium chloride solution, and paramyosinogen relatively more soluble 


than myosinogen since the ratio M is higher for the ammonium chloride 


extract than for the sodium chloride extract. 
Comparison of our results with the conclusions of previous observers. 


_ Halliburton’s views on the clotting of the muscle proteids are so well 


known that we shall not quote them here at length, but shall content 
ourselves with pointing out in what respects our results differ from his. 
v. Fiirth’s conclusions! differ radically from Halliburton’s in certain 
important points. chief results are the following: 


1, Paramyosinogen and myosinogen (we translate v. Fiirth’s terminology 
1 Loc. cit, 
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into Halliburton’s for the sake of uniformity) are precipitated, very quickly 
at 40°, more slowly at lower temperatures. The precipitate he terms myosin- 
fibrin when derived from paramyosinogen, myogen-fibrin when derived from 
myosinogen. The formation of the precipitate is preceded in the case of 
myosinogen by the production of a substance with the general properties of 
paramyosinogen but coagulating by heat at 40°. 

2. The precipitate thus formed is insoluble in water and salt solutions. 

3. The formation of the precipitate is favoured by many organic 
substances, and Halliburton’s so-called “ myosin-ferment” probably belongs 
to this class and need not be looked on as a specific ferment. No ferment is 
n 

4. Clotting i is not accompanied by increase of nee (in opposition to 
Halliburton). 

5. Paramyosinogen is precipitated from its solutions by dilution. The 
precipitate, like similar globulin precipitates, is at first soluble in dilute salt 
solutions, but soon becomes insoluble by being converted into the above- 
mentioned myosin-fibrin. 

6. Both paramyosinogen and myosinogen are precipitated by acids. 

7. Kiihne and Halliburton’s “myosin-clot,” whether obtained by 
allowing cooled plasma to stand or by diluting salted plasma and heating it 
to 35° to 40°, is insoluble in salt solutions. This is opposed to Halliburton’s 
statement. | 

8. The serum from this clot contains a considerable amount of para- 
myosinogen and myosinogen. 

9. Haliiburton’s “ myosinogen,” prepared by dilution without heating, 
consists of paramyosinogen precipitated by water. It is soluble in salt 
solutions but contains no myosinogen. 


How do these diverging views stand in the light of our experi- 
ments ? 

1. We can from results already discussed at sufficient length 
endorse v. Fiirth’s conclusions 1, 2, 6 and 7 concerning the preci- 
pitation of the muscle proteids. 

2. Cooled muscle plasma prepared from the dog’s thigh muscles 
by Halliburton’s method coagulates in the manner described by that 
observer. One of us, as already stated, succeeded in obtaining a 
similar plasma from the heart of the dog and rabbit, in the form of 
a yellowish, alkaline liquid coagulating on heating at the same tem- 
peratures as plasma prepared from skeletal muscle. It did not always 
clot at the ordinary temperature, but did so, without cranes, when 

kept at about 38° for 15 to 20 hours. 
8. The clot in either case is never — aoluble in 5 p.e. 
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magnesium sulphate. Whether any, or how much, goes into solution 
we have not determined with sufficient accuracy. 

4. Salted muscle plasma, prepared by extraction either with 5 p.c. 
magnesium sulphate or 10 p.c. sodium chloride, clots when kept at 
about 35°. Clotting is more prompt if the extract is first diluted with 
8 to 5 volumes of water, but it is also obtained without dilution. It 
may very often, but not always, occur at room temperature. The clot 
is insoluble in 5 p.c. magnesium sulphate. 

5. The composition of the serum, as regards proteids, depends on 
the time of heating and other circumstances. Under some conditions 
it may not give any precipitate below 73°. When obtained in the 
manner described by Halliburton, as nearly as we could follow his 
directions, all the muscle proteids were represented in it. 

6. During the clotting there is an increase of acidity. 


As much ewphasis has been laid on this by Halliburton, and as it has 
been not less parca denied, we subjoin the protocol of a typical experi- 


5 .c. 1 hour after death ‘1 
» left at air temperature for 1 day, no 4 ‘] 
2 days, slight 15 
oe at 35° for 16 hours, flaky 4 in less than 16 hours 25 
» 41 ,. more} 6 
45 
4 


» +phenol phthalein+20c.c. H,O, left at 35° ce 16 hours, flaky + 
in less than 16 hours 
” ” ” ” ” left at 35° for 41 hours 


” ” ” ” ” +°1¢.¢, NaHOS at 35° for 4} hours, 


colour Oe in 2 hours, 
flaky 4 in 4} hours *35* 


” ” ” ” ” + -NaHO at 35° for 16 hours, 


colour discharged, flaky 4 “4* 
» NaHO= at 85° for 


4). hours, colour discharged in 
19 hours, flaked in 21 hours ‘6* 
” ” 5 ee » +266. NaHO at 35° for 48 hours, 


colour not discharged, flaked in 
less than 16 hourst 


» NaHO at 35° for 48 hours, 


colour not Seckiveed. flaked in 
20 hourst 


* Including what was added before heating. 
t Precipitate insoluble in dilute acids, and gives faint xanthoproteic reaction. 
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ment in which the acidity was determined under various conditions in a muscle 
extract by titration with decinormal sodium hydrate solution, phenol phthalein 
being used as indicator. The extract was made from the skeletal muscles of 
a pup eight weeks old, killed by bleeding from the carotid. Half-an-hour after 
death they were hacked, then rubbed up with sand and 10 p.c. NaCl solution, 
strained and filtered. The filtrate was perfectly colourless and slightly 
turbid. Separate portions of 5 c.c. of the filtrate were taken for each 
titration. 


7. The clot consists often of bulky flakes and not of a continuous 
coagulum. On the other hand undoubted heat precipitates may take 
the form of a continuous oscillating jelly. So that no fundamental 
distinction between “clotting” and other forms of precipitation can be 
based on the appearance of the clot. 

8. The clot or precipitate is not readily redissolved by putrefaction. 
We have seen it remain intact for four months. 

9. The precipitation produced by Halliburton by dilution and 
heating to 35° is, as v. Fiirth has asserted, identical with “spontaneous 
clotting,” i.e. the formation of v. Fiirth’s myosin-fibrin, The “clot” 
formed on the addition of water in the cold is probably a dilution 

precipitate of paramyosinogen and myosinogen. 
; 10. Extracts freed from paramyosinogen clot, but more slowly 
than when the paramyosinogen is present. (In certain experiments 
clotting took place before removal of the paramyosinogen in less than 
20 minutes; after removal, in 80 to 200 minutes.) 

11. As already stated we did not succeed in preparing pure 
paramyosinogen artificially. But we encountered in the gourse of our 
work extracts (especially from the heart) which contained paramyosi- 
nogen but no myosinogen. Abundant clots formed in these. 

12. The clotting of muscle-plasma or muscle-extracts, or solutions 
containing either paramyosinogen or myosinogen alone, consists in the 
partial or complete conversion of these proteids into an insoluble 
modification having the general properties of heat-coagulated proteid. 

As regards the terminology of the muscle proteids, v. Fiirth has 
introduced a new nomenclature in which he employs certain of the 
- current names for entirely different substances. This cannot fail to 
breed confusion, and we would suggest that Halliburton’s terms should 
be retained with the alteration which appears necessary in view of the 
fact that myoglobulin has hardly made good its claim to an independent 
existence. Since the only well-established difference between v. Fiirth’s 

soluble myo-fibrin and his myosin seems, so far, to be a difference of a 
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few degrees in the temperature of heat coagulation, we suggest that 
provisionally they be grouped as one. Thus ° 


temp. Halliburton — Forth — Authors 


Quantity of various proteids in muscle. 


As to the quantity of paramyosinogen and myosinogen in muscle 
and its variations under different conditions, observations have been 
previously made mainly by Demant and Danilewski. Demant? 
simply extracted muscle with distilled water until the extracts ceased 
to give a precipitate at 48°, and then determined the amount of the 
substance coagulating at that temperature in his extracts. We have 
shown that muscle completely exhausted with water still gives up to 
10 p.c. ammonium chloride a large quantity of proteid coagulating at 
or below 49°5°, so that Demant’s assumption that he had extracted 
the whole of this substance is incorrect, and his quantitative deter- 
minations and the rather broad generalizations* which he bases on them 
lose a great part of their value. 

Danilewski’ endeavoured to estimate the quantity of myosinogen 
by extracting muscle with 10 p.c. ammonium chloride after previous 
exhaustion with water. Here the result evidently depends on the 
amount of proteid removed by the water, and, as we have seen, a certain 
quantity both of paramyosingen and of myosinogen is dissolved out of 
muscle by water by the aid of the salts present in the muscle itself. 
Further, the tendency of the muscle proteids to become insoluble in the 
muscle renders the proof that all of a given proteid has been extracted 
exceedingly difficult, and the longer the extraction has been’ continued 
the more likely is it that spontaneous clotting will have taken place. 


1 Zeitsch. f. physiol. Chem, 11. 8, 241. 

? For instance, that the muscles which work hardest contain the greatest amount, that 
there is more in adult than in young animals, more in certain kinds of animals than in 
others, and none at all in the heart. We found both in the skeletal muscles of the embryo 
and the adult heart in general more paramyosinogen than myosinogen, —— 

Ibid. v. 8. 158. 1881. 
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For these reasons we did not attempt to completely exhaust the muscle, 
but confined ourselves to determining the proportional amounts of 
the various proteids in extracts made under given conditions. This 
enabled us for one thing to shorten the time of extraction (in some 
experiments even to half-an-hour or an hour), and therefore to lessen 
the risk of spontaneous clotting. But we do not pretend to be able to 
say with absolute certainty that in a given extract the relative amount 
of paramyosinogen and myosinogen must be the same as in the muscle. 
It is certainly not indifferent what liquid is used for the extraction. 
Water, for instance (Exp. 30), is a worse solvent for paramyosinogen 
than 5 p.c. MgSO, solution, and this is probably the case also with 
normal saline solution, which v. Fiirth used in his experiments, This 
seems to be one reason at any rate why the ratio P: M, as deduced 
from his results, for instance ‘3, ‘23, ‘2, respectively in three experi- 
ments is so much lower than we obtained. Since of the two chief 
proteids paramyosinogen is, in general, the more insoluble we assumed 
that the liquid in which its solubility as compared with that of 
- myosinogen is greatest, viz. 5 p.c. magnesium sulphate, would give 
more correct results than any other. To test the matter we made 
repeated extractions, with the expectation that if we were really 
dissolving out the proteids in the relative amount in which they 
exist in muscle, the ratio P: M should be approximately the same 
in the last extract as in the first, if spontaneous clotting in the muscle 
did not take place. We were prepared, however, to find instances in 
which the paramyosinogen might undergo spontaneous precipitation 
during the. extraction while the myosinogen remained soluble or was 
precipitated to a smaller extent, in which case P : M must diminish in 
the successive extracts. It was possible that in other cases the opposite 
might occur, the myosinogen being spontaneously precipitated to a 
greater extent than the paramyosinogen; and then the ratio P: M 
must increase. As a matter of fact these three conditions are all 
represented in our results, Exp. 37 being an example in which the 
ratio altered but little in the extracts of skeletal muscle while it 
increased in the extracts of heart muscle. In Exp. 38 the ratio 
markedly diminished in the extracts of heart muscle; in the thigh 
muscles the paramyosinogen seemed to be practically insoluble from 
the start. The fact that the increase or diminution was not gradual 
_ but abrupt seems to us to be strong evidencé that it was not due 
to the complete extraction of one or other of the proteids from the 
muscle, but to a change which rendered it insoluble. 
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454 
Skeletal muscle (thigh) Heart muscle 
Exp. Temp. Ist ext. 2nd ext. A 2nd ext. B . lat ext. 2nd ext. 
37 to 49° 1526 408038 “1124 ‘0543 0825 
49°—59° 0480 “0252 0857 ‘0157 
59 —65 0 0008 0125 
P:M 3°55 3:18 2°98 1°52 3:96 


All the extracts were made with 5 p.c. MgSO,. The first extract of 
skeletal muscle was allowed to stand 24 hours, then filtered, and the 
determination made on the filtrate. The residue was extracted with another 
portion of MgSO, for three days, filtered without squeezing, and the proteids 
in the filtrate determined (second ext. A). The residue was then squeezed 
out and filtered and the proteids determined in this filtrate (second ext. B). 
In the second extract of the heart the filtrates before and after squeezing were 
mixed, and the proteids estimated in the mixture. 


Skeletal muscle Heart muscle 
Exp. Temp. ‘istext. nd rd 4th bth  Istext md 4th Sth 
38 t049°5° 0 ‘0030 trace ‘0028  -°0649 0 ‘0044 trace ‘0025 
- §0°—59° 0573 0355 ‘0364 0272 °1380 °0610 -0370 
69—65 0102 ‘0280 -0139 °0057 
50 —65 -.°0659 0871 0742 ‘0355 0364 +0445 1444 ‘0370 ‘0656 


The muscle (dog’s thigh muscles and heart) was extracted with 5 p.c. 
MgSO,, for the Ist extract for 24 hours. 

The extract was filtered off, the residue covered with the same amount of 
5 p.c. MgSO, solution as was used before, and allowed to stand 4 days 
(2nd extract). The residue was again extracted with a fresh portion of 
MgSO, solution for 3 days (3rd extract) ; then for 7 days (4th extract); then 
for 5 days (5th extract). The temperature of the room in which the extracts 
stood was during all this time only a degree or two above freezing-point. 


These and other experiments already quoted show that the con- 
ditions which determine the amount of the muscle proteids which can 
be extracted by a given solvent are complex, and that the amount does 
not depend merely on the quantity present in the muscle. A muscle 
which for the first day of extraction may yield a large amount of 
paramyosinogen to the extrahent, may on the second day refuse to 
yield any, not because it is exhausted of paramyosinogen but because 
this substance has assumed an insoluble form. Since we know but 
little of the conditions that favour this spontaneous clotting and can 
therefore only to a limited extent control it, there is great difficulty in 
drawing correct deductions as to the quantitative relations of the 
muscle proteids. The following conclusions, however, appear to follow 
from our observations. | 
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1. It is practically impossible to remove all the proteids from 
muscle by repeated extraction with saline solutions, the time required 
for their complete solution being so great that spontaneous clotting can 
hardly be excluded. | | 

2. Partial extraction is a better method for determining the 
relative proportions of muscle proteids, although certain sources of 
error have also to be taken account of: 

(a) Paramyosinogen being less soluble than myosinogen, partial 
extraction will yield solutions in which the ratio P : M is too low. 

(b) Since paramyosinogen bas a greater tendency to undergo 
spontaneous clotting than myosinogen, and may become partially 
insoluble from this cause during or even before extraction, the ratio 
P : M in our extracts is likely to be too low rather than too high. 

3. Notwithstanding the influences mentioned in (a) and (b), which 
tend to depress the ratio P : M, we find that on the average there is in 
muscle extracts made with 5 p.c. magnesium sulphate, 10 p.c. sodium 
chloride and 10 p.c. ammonium chloride, twice as much paramyosinogen 
as myosinogen. A synopsis is given in the following table of the values 
of this ratio in 27 experiments on skeletal muscle (thigh muscles) and 
nine on heart muscle. 


Skeletal muscle 

Heart 

No. Average an “ No. 
Animal ofexps. P:M P:M<l no P noM  ofexps. Average P:M<l NoP NoM 
Doe 188 4 2 1 
Rabbit 6 8°17 0 0 0 1 — 
Frog 4 258 1 1 0 2 3 Ee 
All 27 2°31 5 2 2°17 1 0 2 


Halliburton states that myosinogen was more abundant than 
paramyosinogen in his muscle extracts, but this statement was based 
on qualitative experiments. v. Fiirth found far smaller values for the 
ratio P: M than we have done. We have already explained this as 
due to his use of normal saline solution for extraction. 

4. We found no constant differences as to the quantitative 


1 Omitting experiments in which one or other of the two proteids was absent from the 
extract. 

2 The extracts used for the estimation of the proteids in the frog’s heart were made in 
one case from 50, and in the other from 20 hearts, 
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relations of the two proteids between the muscles of different animals’, 
nor between the heart and skeletal muscles of the same animal. 

Bottazzi and Ducceschi* state that heart muscle contains less 
myosinogen and paramyosinogen than skeletal muscle, and a propor- 
tionally large amount of nucleo-proteid. We believe, in view of the 
_ sources of error discussed above, that a large number of determinations 
would be needed to render such a conclusion safe. 

5. Nor were any constant differences in the ratio P : M made 
out between muscles in commencing rigor, in maximum rigor, and 
after rigor had passed off in the absence of recognisable putrefactive 


Bearing of these results on theories of rigor mortis. 


Conclusion 5 would seem to indicate that the aseptic resolution of rigor 
is not due to the digestion by a proteolytic ferment of the muscle proteids, 
as has been suggested. It was noticed, however, that extracts made after 
the passing off of rigor, although they contained abundance of paramyo- 
sinogen and myosinogen, did not show any trace of coagulation when 
diluted and kept for 20 hours at 32°—34°. This might indicate that 
a radical change had taken place in the coagulation properties of the 
muscle proteids. Yet as regards heat coagulation at temperatures 
above 40° the extracts behaved just like extracts of the fresh muscle. 

The fact that the precipitates which come down in muscle extracts 
either “spontaneously” at ordinary temperatures or during prolonged 
heating at temperatures below 40°, are by no means easily altered 
by putrefactive bacteria, suggests either that the clot which forms 
within the muscle in natural rigor has different properties from the 
“clot” produced in extracts, or that putrefaction is not essentially 
concerned in the resolution of rigor. We are not able at present to 
offer a theory of the resolution of rigor which will take account of all 
the facts, and we doubt whether recent wk has not rendered the 
process more mysterious than ever. , 

As to the onset of natural rigor, the i associated with the . 
names of Virchow, Vulpian, Schiff, Brown-Séquard, etc., that it 
is the last vital act of the muscle, and, therefore, analogous to a 


1 Except that on the average the ratio P:M was higher in the rabbit than in the dog. 
But this might as easily have been due to a difference in the solubility of the proteids as 
to a difference in the quantity present in the muscle, 

2 Centralb. f. Physiol. xu. 8, 9, 
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permanent contraction or contracture, does not appear to be well- 
grounded, although it is necessary to suppose that under some 
conditions, as for example when skeletal muscle is rapidly killed by 
heat or by fixing reagents, or when the muscular walls of the heart or | 
the hollow viscera remain tonically contracted after the circulation has 
ceased, the process of rigor can surprise the muscle, so to say, in the 
contracted condition and fix it there. 

The theory of Kiihne that the proteids are precipitated in muscle 
after death, as they are in extracts of the muscle, and that the essential 
phenomena of rigor are due to this precipitation, has many facts in 
_ its favour, although the mechanism by which this precipitation is 

determined in natural rigor is far from clear. If we suppose that 
during life the main portion of the proteid constituents of muscle 
consists of paramyosinogen and myosinogen with the same properties as 
those bodies exhibit in artificial extracts, it is difficult to understand 
why they are not precipitated in view of their marked tendency to 
pass into an insoluble form, nor why, if rigor is dependent upon such ~ 
precipitation, the precipitate should redissolve in situ but not in . 
artificial extracts. It was with the hope of casting light upon this 
problem that this research was originally undertaken. It had been 
noticed that a higher temperature was required to cause heat-rigor 
in certain muscles than in others. For imstance, the frog’s heart 
may be heated for a short time to a temperature two or three degrees 
above that which suffices to -kill the gastrocnemius; the muscles of 
mammals can in general resist a temperature several degrees above 
the limit which is fatal to the muscles of the frog; a fresh muscle can 
stand a higher temperature than a fatigued muscle. The question 
naturally suggested itself: Do those differences in the temperature 
necessary for heat-rigor depend on differences in the heat-coagulation 
temperature of the muscle proteids which can be extracted from the 
different muscles? It was evident that an affirmative answer to this 
question would afford strong proof of the existence of the proteids of 
the extracts as such in the living muscle. The answer, however, as the 
above results show, was in the negative. We are, therefore, inclined 
to believe that paramyosinogen does not exist as such in the living 
muscle. The heat-coagulation temperature of myosinogen lies far above 
the temperature necessary for heat-rigor, and therefore these investi- 
gations do not indicate whether it. is ready-formed in the muscle or not. 
_ However this may be, it must be assumed, we think, that after death 
paramyosinogen and myosinogen are precipitated in the muscle partly 
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in an insoluble form. In heat-rigor, produced by a temperature 
below the heat-coagulation temperature of paramyosinogen, this is also 
the case. For instance, a 10 p.c. sodium chloride extract of the skeletal 
muscles of a frog which had been heated for 2 hours and 20 minutes 
at a temperature slowly rising from 20° to 37° before extraction, con- 
tained only half as much myosinogen and less than one-third as much 
paramyosinogen as a similar extract of the unheated muscles, The 
proteids are not, however, completely precipitated, or at any rate the 
whole of the paramyosinogen and myosinogen is not rendered insoluble, 
for saline solutions usually extract considerable quantities of both from 
dead and rigid muscle. In like manner the whole of these proteids is 
never precipitated from artificial extracts at the ordinary temperature, 
nor, except with very prolonged heating, at temperatures below 40°. 


SUMMARY OF CHIEF CONCLUSIONS. 


1. The method of fractional heat precipitation can be usefully 
employed in the quantitative investigation of the muscle proteids. It 
is open however to certain important sources of error which cannot 
always be completely eliminated or controlled, and the results obtained 
must, therefore, be interpreted in the light of the characteristic pro- 
perties of the proteids as determined by other methods. | 

2. There exist in dead muscle two proteids, a true globulin, 
paramyosinogen, coagulating at about 45° to 50°, and an atypical 
globulin, myosinogen, coagulating at about 50° to 65°. The latter readily 
passes into a modification very similar to, if not identical with, the 
former. 

3. Both paramyosinogen and myosinogen pass readily into an 
insoluble modification myosin. This transformation may take place 
in the dead muscle itself as well as in extracts, 

4. In general paramyosinogen seems to be more abundant in dead 
muscle than myosinogen, or at least more of it is extracted by saline 
solutions like 5 p.c. magnesium sulphate. 

5. Paramyosinogen is less soluble than myosinogen in very dilute 
saline solutions (e.g. extracts of muscle made with water contain rela- 

tively more myosinogen than paramyosinogen). 
6. No marked quantitative differences in the relative amount of 
the two proteids could be established in the muscles of different 
animals, in different muscles of the same animal, or in rigor mortis. 
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But the method of fractional heat-coagulation, even with all the 
precautions we could think of, is incapable, in its present form, of 
detecting minute differences with certainty. 

| 7. While these are facts which indicate that rigor mortis is 
: associated with the precipitation of paramyosinogen and myosinogen, 
1 _ the properties of the proteids of muscle extracts do not afford a complete 
| explanation of the production and resolution of rigor. Since paramyo- 
sinogen is less soluble than myosinogen and more readily undergoes 
spontaneous coagulation, it is a possible hypothesis, though nothing 
more, that at the death of the muscle the onset of rigor is determined 
by the formation of paramyosinogen from sat a or the formation 
of both from some other body. 
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THE EFFECT ON THE MOLECULAR CONCENTRATION 
AND ELECTRICAL CONDUCTIVITY OF MUSCLE 
EXTRACTS OF REMOVAL OF THE PROTEIDS. 
By G. N. STEWART, Western Reserve vipat Cleveland, 
USA. 


| 
(Preliminary Note.) 


SEVERAL investigators have tried to determine whether _ proteids 
exert a sensible osmotic: pressure by observing the freezing point of 
solutions of such proteids as egg-albumin before and after heat- 
precipitation of the proteids. The result in most cases has been 
negative. In the course of some work on the proteids of muscle, I 
had the opportunity to determine whether any changes took place 
in the freezing point and electrical conductivity of various extracts 
after removal of the proteids. It seemed to me that such observations 
might throw light on the obscure relations of salts to proteids in 
solutions where both exist together, and especially on the relations 
of salts to the globulins which they hold in solution. Further, it 
suggested itself that information as to the nature of the proteid which 
is precipitated from a muscle extract at a given temperature might be 
obtained by observing whether the changes in the freezing point and 
conductivity after its precipitation indicated that salts had been held 
in combination with it in the solution or not. For instance, it might 
_ be expected that a globulin would hold the salts more firmly than an 
albumin or hold a larger amount of salts in combination. Different 
globulins, too, might be combined with different quantities of salts; 
and from the amount of the change of freezing point or conductivity 
caused by the precipitation of given amounts of globulins at different 
temperatures, it seemed possible to learn something as to their 
chemical or chemico-physical resemblances or differences. If, for 
example, the precipitation of a certain amount of a globulin coagulating 
at 47° were found to cause a greater or a smaller change in the 
freezing point or conductivity than the precipitation of the same 
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quantity of a globulin coagulating at 56°, an additional proof that the 
two globulins are chemically different bodies would be afforded; and 
the same for substances whose coagulation temperatures lie closer 
together. 

It will be seen from the results subjoined that distinct differences 
were made out in the conductivity after removal of the proteids, the 
conductivity being increased. In Exp. 3 the increase after removal of 
‘2378 grm, proteid from 100 c.c. of a magnesium sulphate extract was 
from 72°49 to 76°41 or 5°4 p.c. (=22°7 p.c. per grm. of proteid); in 
Exp. 4, after removal of ‘3818 grm. proteid from 100 c.c., the increase 
was from 113°0 to 117°0 or 3'5 p.c. (=9°2 p.c. per grm. of proteid); and 
in Exp. 5, after removal of -5739 grm. proteid, the increase was 14 p.c. 
(=2°4 p.c. per grm. of proteid). In the same experiment the removal 
of ‘2033 grm. of proteid coagulating between 60° and 100° caused an 
increase in the conductivity of 1°9 p.c. (=9°5 p.c. per grm. of proteid). 
The removal of all the proteids from the cooled plasma of frog’s muscles 
(Exp. 1) caused an increase of 10°2 p.c. The resistance measurements 
are too exact to permit us to suppose that the apparent increase is due . 
to errors of measurement. If it is due merely to the elimination of the 
well-known depressing influence (molecular friction) of dissolved non- 
conducting substances on the conductivity of electrolytes, apart from 
chemical or physico-chemical combination with them, the globulins of 
tauscle extracts must depress the conductivity in a much greater degree 
than the proteids of serum or hemoglobin. 

For Bugarsky and Tangl! found that 1 grm. of proteid, prepared 
by long-continued dialysis from blood-serum, depressed the conductivity 
of 100 c.c. of serum by only 2°5 p.c.; and I found for 1 grm. of hemo-. 
globin in 100 c.c. of serum a depressing effect of no more than 1°8 p.c.? 
It seems necessary to suppose then, that a certain portion of the 
magnesium sulphate is combined with the proteids, or at least is so 
affected by them that its dissociation coefficient (the number which 
measures the extent to which it is dissociated) is diminished. 
Liebermann and Bugarsky* have recently stated that egg-albumin, 
albumose and pepsin do combine with sodium hydroxide, and hydro- 
chloric acid, but not with sodium chloride. It might be expected that 
the globulins, which are only dissolved by the aid of neutral salts, would 


1 Pfliiger’s Archiv, uxxu. 8. 540. 1898. 
.2 This Journal, xxiv. p. 216. 1899. 
3 Pfliiger’s Archiv, rxx11. 8. 51. 1898. 
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show a different behaviour towards them from the albumins, which are 
soluble in water. 

The number of experiments hitherto made have not been sufficient 
to disclose any constant difference between the various proteids of muscle 
extracts. 

The conductivity of the muscle extract is less than that of the 
magnesium sulphate solution used in making it. This is probably 
not due to the dilution of the solution by water passing into it from the 
muscle, since the molecular concentration of the muscle extract is 
greater than that of the solution both before and after the removal 
of the proteids. And indeed the magnesium sulphate solution being 
hypoisotonic to serum, and therefore presumably to the contents of 
the muscle fibres (which, according to Loeb are isotonic with a 
07 p.c, solution of NaCl), water might rather be expected to pass 
into the muscle from the solution. 

The fact that A is uniformly greater for the muscle extracts than 

for the magnesium sulphate solutions nsed, while the conductivity of 
_ the extracts is less than that of the solutions, is accounted for by the 
passage from the muscle into the extract of non-conducting substances, 
not only proteids but glycogen, glucose, etc. 
As regards the effect of removal of the proteids on the freezing 
point the results are somewhat variable, and that to an extent greater 
than can be accounted for by errors in the freezing point determinations, 
Thus in Exp. 3 the removal of ‘1132 grm. paramyosinogen from 100 c.c. 
of extract diminished A by ‘015°, while subsequent removal of 1246 
grm. myosinogen increased it by the same amount, bringing it back 
exactly to its original value. In Exp. 4 A remained constant within 
the limits of error of the method, while in Exp. 5 the removal of the 
paramyosinogen and myosinogen increased A by 004°, and the removal 
of all the proteids increased it by (028°, These irregularities I am not 
at present in a position to explain, but hope that further experiments 
May discover their cause. I suspect that they may be due, in part at 
any rate, to changes taking place in the proteids during the ne. for 
example hydrolysis. 

In Exp. 2 the effect of dialysis on the conductivity of a 5 p.. 
magnesium sulphate extract of muscle is shown. After several days 
it was reduced to one-seventh of its original value, but later on began 
to increase again, This increase is doubtless associated with the- 
development of acid which constantly accompanies the precipitation 
of the muscle proteids, and with putrefactive changes. 
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+1 vol. water 


Frog’s muscle plasma, extracted by freezing and pressure 


Another specimen of the plasma (not from the same frogs) 
Second specimen after removal of large precipitate of proteids 


coagulating at 30°—35° in bath 
After removal of the rest of the proteids by boiling 


2 Extract of dog’s muscle in 5°/, MgSO, solution 


AS) «108 
82°84 
48°19 

78°97 


85°10 
91°20 


108°5 


After dialysis for several days in running tap-water*, and oe 


off globulin precipitate 
After further dialysis in distilled water for 2 days 
After further dialysis in distilled water for 8 days 


* Tap-water itself. 


Muscle extract in about 3°/, MgSO, solution "B31 


Dog's thigh muscles. The MgSO, was added 
in substance after washing the muscle 
with water. 


After removal of 0°1132 grm. paramyosinogen 
from 100 c.c. 316 


After removal of 0°1246 grm. myosin. from100c.c. ‘331 
Muscle extract. (made with 5°/, MgSO, solution 


from leg muscles of dog) 509 
After removal of 0°1205 grm. paramyosinogen * 
from 100¢.c. *507 


After removal of 0°1348grm. myosin. from 100c.c, 509 
After removal of 0°0684 grm, myoglobulin and of 

00581 grm. of remaining coagulable proteids 508 
The 5°/, MgSO, solution "463 


72°90 
76°41 
113°00 


115°2 
117°2 


117°0 
11.4°6 


Total solids in 100¢.c, of original muscle extract 3°4056 grm. 
* The amount of paramyosinogen is probably a little too low. 


Muscle extract (made with 5°/, MgSO, solution 
from thigh muscles of dog) “454 


After removal of 0°2627 grm. paramyosinogen 
from 100 c.c. 


After removal of 0°1079 grm. myosinogen 458 


After removal of 0°1079 grm. myoglobulin and 
0°0954 grm. remaining coagulable proteid 
The 5°/, MgSO, solution "433 


Total solids in 100 c.c, of original muscle extract 3°0134. 


101°69 


101°24 


103°17 
104°32 


15°77 
14°64 
54°75 + 
1°64 
+ Nothing was added to the solution to prevent decomposition. 


72°49 1°0154 1°0092 


1:0163 
10158 
1:0271 


1°0266 
10263 


1°0263 


1°0244 


1°0235 
1:0233 


1°0232 
1-0226 


463 


1°1924 
1°2804 
2°3498 


2°3100 
2°3420 


2°4012 


1°7440 
1°8240 
2°0094 


2°0525 
2°2812 
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FURTHER OBSERVATIONS ON THE STRUCTURAL 
ALTERATIONS OBSERVED IN NERVE CELLS. 
By W. B. WARRINGTON, MD,MRCP. (Four Figures in 
Text.) 


(From the Thompson-Yates Laboratory, Pathological School, Liverpool.) 


CONTENTS. 


1. Additional experiments, showing the effect on the cells of the anterior horns in 
the cervical region of section of the posterior roots. 


2. Condition of the cells in the cord after section of both anterior and posterior roots. 


3. On the ultimate fate of nerve cells which have undergone structural alteration. 
(a) After section of their axons. 
(b) After cutting off of the afferent impulses which normally impinge upon 
them. | 
4. Effect of complete and partial division of the cord on the cells in the grey matter. 


5. Condition of the cells in the anterior horns after hemisection of the cord and 
division of posterior roots. 


Method. The animals experimented upon were in all cases cats ; 
after complete anesthesia had been obtained, laminectomy was per- 
formed and the dura mater freely opened. The usual antiseptic 
precautions were observed, and after exposing the dura warm normal 
saline solution was alone used. In all the experiments quoted the 
wound healed by primary union and the animals were in a healthy 
condition. 

The method of staining the nerve cells used was that described by 
Held. A saturated solution of perchloride of mercury was used for fixation, — 
and afterwards the tissue was hardened in gradually ascending strength 
of alcohol. Unless otherwise stated series of sections of 10u thickness 
were cut, and in order to trace the nerve cells through their whole 
thickness every alternate five sections were examined. 
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I. ADDITIONAL EXPERIMENTS, SHOWING THE EFFECT ON THE CELLS OF 
THE ANTERIOR HORNS IN THE CERVICAL REGION OF SECTION OF 
THE POSTERIOR ROOTS. 


In a former paper’ I gave the result of experiments which showed 
that cutting off the afferent impulses to the cord by means of section of 
the posterior nerve roots produced marked changes in the large cells of 
the anterior grey matter and especially in certain segments and in the 
posterior lateral group of cells in these segments. 

The experiments were chiefly carried out in the lumbo-sacral 
region. Of two observations made on the condition of the cells in the 
spinal cord after section of the afferent roots in the region of cervical 
enlargement, one gave a negative result, and the other showed a 
distinctly less amount of change than that noted in the seven cases 
where the similar operation had been performed i in the lumbo-sacral 


ion. 
I have made two further experiments in the cervical region. 


Exp. 1. Cat killed on the 14th day, 8th cervical, Ist and IInd dorsal 
posterior roots divided on one side. 
VIIIth segment. Series of 95 sections cut—ganglion cells of ventral 
horn nearly normal; only six showed distinct alteration. 
Ist dorsal segment. Series of 140 sections cut—20 altered cells found 
which were situated as follows :— 
| Median group 
Anterior lateral group 
Central (near the spinal cord) ‘ 
Posterior horn . 


IInd dorsal segment. No altered cells found. Ne ) altered cells on 
opposite side, 


Exp. 2. Cat killed on 14th day. Vth, VIth, VIIth, VILIth cervical and 
Ist dorsal posterior roots divided on one side, and the VIIIth cervical on 
both sides. 

Vth, Vith, VIIth segments contained no altered cells. 


VIIIth segment. Series of 140 ‘sections cut. 20 altered cells ae 
situated as follows :— 


Median group 8) Most of these on the side on 
Posterior lateral group ; which the other roots were 
Anterior lateral group 4 also cut. 


Ist Dorsal Segment, A few altered cells found near the central canal. 
1 Warrington. This Journal, xxi. p. 112. 1898. 
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These two observations confirm the results recorded in my previous 
communication and show that while some alteration in the cells of the 
anterior horn does result from a lesion of the afferent roots, the change 
is considerably less than that occurring after a similar procedure in the 
lumbo-sacral region. It is to be noted that such change as occurs is 
limited to the VIIIth cervical and Ist dorsal segments. The significance 
of this localization was previously discussed and is held to be connected 


* with the fact that the anterior roots of these segments are distributed 


to the muscles of the hand, the movements of which as shown by 
Sherrington and Mott are practically abolished after severance of 
the afferent roots. In the lumbo-sacral region the altered cells were 
found to be chiefly limited to the postero-lateral group, but this 
limitation does not occur in the cervical region. Assuming the correct- 
ness of the explanation already put forward it would appear that in 
the cat the upper limbs are more under cerebral control and their 
movements less directed by peripheral sensory impulses than is the 
case with the lower limbs, and hence the complete cessation of these 
impulses is less potent to produce anatomical changes in the anterior 
ganglion cells. 

The complexity and range of inovément of the upper limbs in a cat 
is certainly much greater than that of the lower limbs and indicates a 
greater degree of dependence on cortical innervation. 


II. EFFECT ON THE CELLS OF THE CORD AFTER SECTION OF 
BOTH ANTERIOR AND POSTERIOR ROOTS. 


A single experiment was made with this object, the Vth, VIth, and 
VIIth roots on the left side were divided. The animal was killed on 
the 10th day. 

All the larger cells on the side of the lesion showed Sra The 
majority were only comparatively slightly affected to the extent seen | 
after section of an anterior root alone, others however showed a much 
more marked chromatolysis, the change resembling that found after 
section of the afferent roots. 

In the Vth segment the anterior group was thus specially picked 
out, and in the VIth and VIIth the postero-lateral (Figs. 1 and 2). 

This group is thus again brought into prominence on account of 
the ease with which its cells undergo chromatolysis, and the experiment 
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affords further explanation of the results obtained in old standing 
amputations, where of course both afferent and efferent fibres are cut 


and yet the ultimate damage in the cord is nearly limited to this 
region of cells. 


Fig. 2. 


Figs, 1 and 2. Diagrams illustrating the position of the altered cells found after section 
of both roots. Black circles indicate cells showing marked chromatolysis. Unshaded 
triangles indicate cells showing less change. Roots cut on left side only. 

Fig. 1 is from the Vth post-thoracic segment, _ 
Fig. 2 is from the VIIth post-thoracic segment. 
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III, ON THE ULTIMATE FATE OF NERVE CELLS WHICH HAVE UNDER- 
GONE STRUCTURAL ALTERATION, (a) AFTER SECTION OF THEIR 
AXONS, (6) AFTER CUTTING OFF OF THE AFFERENT IMPULSES 
IMPINGING UPON THEM. 


(a) In one of his earlier papers Nissl* states that after section of 
the facial nerve the cells of the nucleus in the medulla gradually return 
to their normal appearance, “ probably because of the formation of new 
connections.” Since the appearance of this communication Marinesco > 
and Van Gehuchten have published many papers on the question of 
the repair of the uerve cells. Both these observers have studied the 
change in the hypoglossal nucleus and agree that if the cut ends of the 
sectioned nerve become united, total repair is the rule, so that after the 
lapse of about 100 days the two nuclei of the hypoglossal nerve are 
indistinguishable from each other. Marinesco* however regards the 
regeneration of the cut nerve as necessary; thus he says :— 

“La régénerescence des nerfs périphériques est donc la fonction de 
la reparation cellulaire, et celle-ci dépend de la premiere.” 

Van Gehuchten’, however, and in this he is supported by Nissl* 
states that he does not know of any evidence to show that suture makes 
any difference at all in the rate of repair, though it may influence the 
nutrition of the cells in such a way that ultimately gradual atrophy 
takes place. He states that 14 months after enucleation of the eye 
in a rabbit, he has found complete atrophy of the oculo-motor nucleus. 

Both*® these writers describe in detail the series of changes which 
take place in a nerve cell on its way to resume the normal state, and 
though there are some minor differences in their description the 
general features observed are the same, viz. the cells gradually increase 
in volume up to about the 100th day, whilst the Nissl granules become 
denser and more pressed together, causing the cell to have the ap- 
pearance described as the pycnomorphic state. Later, they slowly 
diminish in size and ultimately become indistinguishable from the 
normal, 


In my former communication (loc. cit.) I showed that after ection 


1 Nissl. Centralb. fiir Nervenheilk. nl Prychiatrie, July, 1894. 
2 Marinesco. La Presse Médicale, Oct. 5th, 1898, p. 202. 

3 VanGehuchten. La Presse Médicale, Jan. “th, 1899. 

4 Nissl. Miinch. med, Woch., 1898, p. 6. 


5 Marinesco. Neurol. Centralb. 1898, p. 882. v. Gehuchten. L’anatomie fine de 
la cellule nerveuse, 1897. : 
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of an anterior root of the cord the cells on that side in the ventral horn 
underwent obvious. changes in from 10 to 14 days. 

I have now observed the condition of the cord after a much longer 
period of time has elapsed. ees 


Exp. 1. Cat. VIth anterior post-thoracic root divided. Anissal allowed 
to live 40 days. 

The distal piece of the nerve was found to have ‘indicia complete 
Wallerian degeneration. Sections were cut 10, 6, 3, and 2 in thickness. 

The cells showed distinct alteration, though not so marked as the condition 
which occurred at an earlier period. 

_ There was no increase in volume noticeable. The blue stain was more 
diffused and the chromophylic granules had a powdery appearance. The 
nucleus was generally situated centrally and its contour in some cells had a 
rosette shape; it was occasionally, though rarely, peripheral. The cells did 
not exhibit the pycnomorphic appearance. 


Exp. 2. Similar to above. Animal lived 40 days. 


General appearance of cells very similar to that just described bine but 
the Rowdery blue appearance of the cells was more-marked. 


Exp. 3. Similar to above, but animal allowed to live 100 days. 

In this observation the cells much more nearly approached the pycno- 
morphic condition and were distinctly more densely stained with the blue 
dye. The chromatic granules had not however their typical discrete charac- 
teristic shape, but were in a finer, more powdery condition. Occasionally a 
few cells were seen in which chromatolysis was present. There was no 
diminution in number of cells in the side of the lesion. 

In none of these observations could it be ascertained that one group of 
cells was more affected than another. The smaller cells generally appeared 
normal, 


Exp. 4, Human subject. Examination of the oeulo-motor nucleus 18 
months after enucleation of the eyeball. 

Microscopic examination. No difference could be noticed between the 
nuclei on the two sides. | 


These observations indicate that there is a nein for the altered 
cells to return to their normal structure independently of the regenera- 
tion of their axons and hence confirms the opinion of Van Gehuchten. 
Chromatolysis does not therefore in general imply the death of the cell, 
but is merely the expression of its disturbed metabolism. 
The resistance of the cell varies according to its function, thus it is 
asserted by Van Gehuchten that the cells of posterior spinal ganglion 
do not recover after section of their peripheral axis cylinders. 
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Again, whilst in each of six experiments I have been able to 
produce changes in the spinal cord after division of an anterior root, 
Van Gehuchten', Sano? and Marinesco® agree that such changes do 
not occur so readily after section of a spinal as after division of a cranial 
nerve. 

Yet, in certain cases the total withdrawal of the influences which 
normally act upon the cell may cause its death, as in the example 
quoted above by Van Gehuchten in the case of the oculo-motor 
nucleus, In this connection it may also be mentioned that Marinesco‘ 
states that if the nerve is torn out, instead of being simply divided, 
atrophy and disappearance of the cells ultimately take place. The 
reason of this is not apparent but his observations corroborate the 
experience of Forel, who long ago found very marked diminution in 


' the corresponding nucleus after tearing the facial nerve out of the 


stylomastoid foramen, whilst after simple section there was only slight 
change. ‘In my experience the ultimate fate of the cells depends not 
only on injury to the other parts of the neuron to which it belongs, 


~ but also on the extent to which the neurons in immediate functéonal 


relationship to it are injured. Thus in the experiment recorded in 
Section II. where both anterior and posterior roots were cut, the marked 
change in certain of the cells indicates that they at least will not 


recover. This also appears to be the case as the results of the series of 


experiments now to be mentioned. 


(6) Exp. 1. Cat allowed to live 30 days. Section of Vth, VIth, VIIth, 
VIIIth posterior post-thoracic roots. 

The animal died from inanition ; the cord appeared to the naked eye to 
be in good condition, and there was no trace of meningitis ; but microscopical 
examination showed that the cells were very much shrunken and vacuolated, 
so that it was not possible to make any minute histological observations. No 
distinct diminution in number of the cells was noted on the side of the 
lesion, 

The anterior roots belonging to the segments whose afferent roots had 
been cut were stained in }°/, osmic acid and teased. On examination it was 
found that about 10 fibres of the VIIth anterior root showed marked 
Wallerian degeneration. 


1 VanGehuchten. La Presse Médicale, Jan. 4, 1899. 

2 Sano. Journal de Neurologie, 1899, p. 88. 

3’ Marinesco. Revue Neurologique, July 30, 1898, p. 484. 
‘ Marinesco. Semaine Médicale, 1898, p. 108, 
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_ In the VIIIth anterior root three degenerated fibres were counted. None 
were found in the Vth or VIth segment. 


Exp. 2. Cat lived 52 days. Vth, Vith, VIIth, VIIIth and IXth 
posterwor post-thoracic roots cut. 

The animal showed the usual symptoms, viz. it hopped about on three 
legs and did not use the foot of the limb on that side on which the roots had 
been cut. The foot on this side was ventro-flexed and motionless. The knee- 
jerk was absent. i 

- Vth segment. No altered cells found and no degenerated fibres in the 
corresponding anterior root. | 

Vith segment. Series of 88 sections cut, of these half were examined and 
practically no altered cells found. | 

Total number of nucleoli counted on side of lesion = 103. 

Total number of nucleoli counted on opposite side = 138. No degenerated. 
fibres could be found in the corresponding anterior root. 

VIIth segment. Series of 180 sections cut and half examined, 23 cells 
found which showed evidence of chromatolysis. Their situation was as 
follows: posterior lateral group 16; anterior group 7. 

Total number of nucleoli counted on side of lesion = 267. 

Total number of nucleoli. counted on opposite side = 336. 

12 degenerated fibres were found in the corresponding anterior root. 

_VIIIth segment. Series of 150 sections cut, half examined, 6 altered 
cells found. 

Total number of nucleoli counted on side of lesion = 245. 

Total number of nucleoli counted on opposite side = 254. 

No degenerated fibre found in corresponding anterior root. 

IXth segment. No altered cells and no degenerated fibres. 


The microscopic examination showed that the diminution in 
“number of nucleoli counted” was due to a shrinkage and atrophy 
of the cells more than to actual disappearance, and in some sections it | 
could be seen that this shrinkage was confined to the group of cells 
occupying the most lateral position of the horn. 

Many of the cells which showed chromatolysis were profoundly 
affected, being little more than mere shells. | 


Exp. 3. Cat lived 74 days. Vth, Vith, ViIth and VIIIth posterior 
post-thoracice roots cut. 

Vth and VIth segments. No distinct alteration. 

VIlth segment. Series of 90 sections cut, half examined, a very few 
altered cells found. 

Total number of nucleoli counted on side of lesion = 134. 

Total number of nucleoli on opposite side = 145. 
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VIlIIth segment. Series of 100 sections cut, half examined. 20 altered 
cells found, situated as follows: posterior lateral group 19; median group 1. 

Total number of nucleoli counted on side of lesion = 130. : 

Total number of nucleoli counted on opposite side = 176. 


These observations show :— 


(1) That compared with the results obtained after similar pro- 
cedure but when the cord was examined at a much earlier date the 
number of altered cells found is considerably less, 1.e. some have re- 
covered, | 

(2) That a considerable number of cells atrophy and shrink, and in 
some cases fibres presumably belonging to these cells undergo Wallerian 
degeneration. 

(3) That the diminution in nomber 3 is most marked in the VIIth 
segment. 

(4) That the posterior lateral group is the one in which the 
phenomena of chromatolysis remain longest. 

(5) That the main factor in the diminution in the number of cells 
on the side of the lesion is atrophy of the posterior lateral group of cells. 

_ The observations thus quoted afford further evidence of the necessity 
of continuity of the afferent impulses if the anatomical integrity of the 
motor cells of the cord is to be maintained. 

This doctrine of the trophic impulse which one neuron exerts on 
another was enunciated by Marinesco! in 1892 in his study of the 
changes which takes place in old amputations, and again in 1895 in 
his “Théories des Neurones’,” and it has been accepted by Van 
Gehuchten’, who says, “Les cellules nerveuses du névraxe exercent 
lune sur l'autre une action trophique dont la suspension complete 
entraine la chromatolysis et la disparition des cellules correspondantes.” 

This theory receives support from the well-known fact that the 
cells of Clarke’s column are often found atrophied in cases of Tabes 
Dorsalis, Again, both Marinesco and Van Gehuchten agree that 
after section of the pneumogastric nerve the cells in the dorsal nucleus 
of the medulla show chromatolysis. 

The theory of the trophic influence on one another of related 
neurons may be regarded as the explanation of this fact, at least until 
the view of the motor nature of these cells put forward by Van 
Gehuchten and Bruce is better established. 


1 Marinesco. Neurol. Centralb. 1892. 
2 Marinesco. La Presse Médicale, 1895, p. 545. 
> VanGehuchten. Bull. de Acad. Royale de Médecine de Belgique, 1897, p. 821. 
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I regard the preponderating degree in which the posterior lateral 
group of cells in the cord is affected as further evidence in support of 
this view. 

This is the group of cells which is known to be chiefly affected in 
the case of old amputations, and recent experiments of other writers 
can be instanced showing the same fact. Thus Van Gehuchten’ 
divided the Great Sciatic nerve and on subsequent examination of the 
cord found the cells of the posterior lateral group alone affected. 
They were in the pycnomorphic state, which he regards as representing 
a simple manner of cell reaction. The same author and De Buck* 
quote a case in which 21 days after amputation at the knee-joint the 
cells of this group alone were found to be in a state of chromatolysis. 
Sano’ also gives corroborative statements. 


IV. THE EFFECT OF TRANSECTION OF THE CORD ON THE CELLS 
IN THE GREY MATTER BELOW THE LEVEL OF THE LESION. 


A considerable number of clinical observations have been made 
showing that after lesions of the brain rapid atrophy, usually localized 
to particular groups of muscles, may take place. Charcot, whose 
explanation has also been adopted by Goldscheider, regarded this 
atrophy as due to a lesion of the cells in the anterior horn consequent 
on the affection of the pyramid tracts and applied the name of 
~“ Deuteropathic” to this class of atrophies, He quotes a case of left 
hemiplegia depending on a hemorrhagic lesion in the right hemisphere. | 
Two months after the onset of paralysis marked atrophy set in, and at 
the autopsy atrophy and even disappearance of the cells in the spinal 
cord was noted. 

Since this time a large number of cases presenting diate symptoms 
have been examined, in some with negative results, but in others 
atrophy of the cells has been found to a marked degree. Such was the 
case in examples given by Joffroy and Achard‘, Brissaud’, and 
Pitres®. The case quoted by the last-mentioned writer was one of 
hemiplegia with marked atrophy of the deltoid and hand muscles. 


1 VanGehuchten. Bull. de l’Acad. Roy. de Médecine de Belgique, 1898, p. 222. 

2 Van Gehuchten and De Buck. Annales et Bull. de la Soc. de Méd. de Gand, 
1897, p. 268. 

? Sano, Journal de Neurologie, Nos. 18 and 14. 1827. 

4 Joffroy and Achard, Arch. de Médecine Expérimentale, vu. p. 780. 1891, 

5 Brissaud. Revue Mensuelle, 1897, p. 616. 

6 Pitres. Arch, de Phys., 1876, p. 657, 
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Examination of the spinal cord showed that in the cervical enlargement 
the cells of the anterior internal group were alone preserved. 

A more recent case is given by Schaffer’, who used the Nissl 
method of staining; this was one of hemiplegia in which the patient 
died 48 days after the onset of paralysis. Chromatolysis was found 
in the cells of the posterior lateral group in both cervical and lumbar 
enlargements. 

I have made the following observations in this connection. 


Exp. 1. Cat. Complete transection of the cord at the level of Ist lumbar 
segment ; killed on the 15th day. 

Series of sections cut in the several segments as low down as the VIIIth 
post-thoracic. The cord was found to be in good condition and quite free 
from inflammatory complications. 

Sections were examined from below the site of the lesion to the lower . 
part of the IInd lumbar segment. 

In the cat Clarke’s Column is well marked in this soutien and many of 
the cells showed undoubted chromatolysis. 

The cord at. the. region of the enlargement was quite normal and no 
altered cells could be found. 

In the middle of the lumbar region however a considerable number of the | 
cells were in a distinct state of chromatolysis, but the large majority were 
unaffected. The situation of the altered cells was chiefly in the posterior 
part of the grey matter as shown in Fig. 3. 


Fig. 8. Diagram indicating position of altered cells after complete transection of the 

cord. Degeneration of white matter shown on one side. Sketch taken from mid- 

lumbar region. Black circles indicate cells showing chromatolysis, Unshaded 
triangles normal cells. 


1 Schaffer, Monats. f. Psych. und Neurol. 1897. 
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The condition of the individual cells did not differ materially from that 
described as resulting after other forms of physiological interference. The 
_ blue chromatic granules were paste sen and the nucleus was often 
situated peripherally. 

Exp. 2. Cat killed in 12 days. Partial hemisection at the level of Ist 
lumbar segment. 

A naked eye dissection showed that the lesion extended through the 
posterior and lateral portion of the cord, the anterior and lateral part not 
being cut. 

‘Examination of sections extending some distance below the site of the 
lesion showed that the cord was in good condition and free from inflammation. 
There was distinct chromatolysis in the cells of Clarke’s column. Thus in | 
90 sections, half of which were examined, the following numerical] result was 
obtained : 


Normal cells in Clarke’s column 57 
Side of lesion { 


Altered _,, 37 
eee Normal cells in Clarke’s column 58 


Exp. 3. Cat killed in 13 days. Almost complete hemisection at the 
level of the Vth thoracic segment. 

The cord at the site of, and just below the lesion, was in good condition, 

with remarkably little inflammation ; nearly all the cells on the same side 

as the operation showed marked sheceaniakyaie those on the opposite side 


‘were normal. 


No altered cells were found in the upper lumbar region, but at the region 
of the VIIth and VIIIth segment altered cells were met with though in 
very small numbers. Thus 230 sections cut, half examined. Number of 
altered cells on side of lesion, 14. ‘The number was too small to locate them 
to any definite group. 


Exp. 4. Cat killed on the 13th day. Nearly complete henioution of cord 
in mid-thoractc region. 

Condition at the site of and just below lesion. This was similar to that 
in the preceding observation ; a large number of the cells on the side of the 
operation showed marked 

Condition lower down in the cord. A very few altered cells were found. 


Exp. 5. Cat killed on the 18th day. Nearly complete hemisection in the 
lower thoracic region. 
Condition at the site of and Ea bewesie lesion. Similar to that noted in 
the preceding cases. 
‘The condition of Clarke’s column was somewhat remarkable, there being 
PH. XXIV. 32 
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no chromatolysis noted but a very marked atrophy and even disappearance 
of the cells in this region. 
Thus about 300 sections cut, half examined. 
Number of cells. counted on normal side = 565 
» 9 Side of lesion = 238. 
Condition of the cord lower down. 200 sections cut, half examined. 
Very few altered cells found which were in the lower lumbar region. 
Note. In examining Clarke’s column it is not easy to avoid counting the 
cells in many instances several times over, but the above results may be 
accepted as indicating the relative appearance on the two sides. 


Summary of results of these experiments. 


(1) Clarke's column of cells suffers markedly after nicoannaers: of 
the spinal cord. 

(2) The cells of the anterior grey matter are only to a slight 
extent affected, individual cells appear to be picked out in an arbitrary 
manner. In the case of complete transection they showed a peculiar 
limitation to the posterior region of the anterior horn. 

(8) At the site of lesion where all the fibres passing to and from 
the cells are cut there is marked chromatolysis. 

These experiments were performed before the Sularuikisie 0 communi- 
cation of Prof. Schafer to the Physiological Society and were intended 
to be preliminary to a more exact determination of the relation between 
fibres and cells of the spinal cord. In view however of Prof. Schifer’s 
work I wish to put my observations on record. 

In his preliminary notes’ Schafer gives the following conclusions. 

(1) The fibres of the pyramidal tract end in the grey matter at 
the base of the posterior horn and in Clarke’s column, but not in the 
anterior horn. 

' (2) The fibres of the descending anterior lateral tract pass to the 
anterior horn and arborize around the anterior cornual cells. 


V. EFFECT ON THE CELLS IN THE ANTERIOR HORNS AFTER BOTH 
HEMISECTION AND DIVISION OF AFFERENT ROOTS ON THAT SIDE. 


By such procedure the cells would be functionally isolated, and 
I have performed two experiments in order to see how far their 
anatomical integrity is preserved. 


1 Schafer. This Journal, Proc. Physiol. Soc., March 18th and May 18th, 1899. 
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Exp. 1. Cat killed on 13th day. Nearly complete hemisection im the 
mid-thoracic region and section of Vth, Vith, VIIth post-thoracic posterior 
_ Vth segment. 86 sections cut, half examined. On the side of the lesion 
6 cells showed chromatolysis, all situated in the posterior laters iii No 
altered cells on the opposite side. 

VIth segment. 56 sections cut, half examined. On the side of the 
lesion no altered cells found. On the opposite side three cells showed 
chromatolysis. 

VIIth segment. 160 sections cut, half examined. On the side of the 
lesion 20 cells showed chromatolysis all situated in the Jas lateral or 
No altered cells on the opposite side. 


Exp. 2. Cat killed on the 15th day. Nearly complete hemisection in 
_mid-thoracie region and VIth, VIIIth, IXth posterior 
roots divided. 


Fig. 4. Diagram indicating position of altered cells after complete hemisection in mid- 
thoracic region and section of the posterior roots in the lumbo-sacral region. Sketch 
taken from VIIth post-thoracic segment. 
matolysis. 


Side of Lesion. 
| No. of sections 
Segment Post lat. Ant. lat, Central examined 
VI. No altered cells found 55 
VII. 27 20 44 
VIII. 25 18 22 66 


go. & No altered cells found 
$22 
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¥i. 2 3 
VI, 2 2 5 
VIII. 13 8 
IX. No altered cells found 

(See Fig. 4.) 


Summary of Section V. 


In Exp, 1 the results obtained are about the same as those 
previously recorded by me after section of the afferent roots alone ; 
that is the destruction of the cortical afferent fibres does not appear 
to have influenced the cells to an appreciable degree, but in Exp. 2 the 
effect of the double lesion is pronounced. In that case more roots were 
cut and included those, viz. VIIth and VIIIth, whose integrity appears 
to be especially necessary for the maintenance of the functional activity 
of the cells of the anterior horns. The condition observed in this 
experiment differs also in another particular from that which is found 
after section of afferent roots alone, namely, the marked extent to which 
the side opposite to the lesion is affected. 

I am not able to offer any satisfactory explanation of this fact. In 
_ the experiments quoted in my former paper (loc. cit.) it was found that 
after section of the posterior roots the VIth segment on the side of the 
lesion was found to be free from any altered cells, whereas the opposite 
side contained a few. The absence of changes in this segment is 
significant, for its motor fibres supply the extensor muscles and extension 
is very rarely produced as a primary reflex movement. On the other hand 
the observations made on the course of degenerated fibres give no support 
to the view that the fibres of the posterior roots cross in the spinal 
cord. The peculiar distribution cannot, I think, be regarded as ac- 
cidental or due to vascular disturbance resulting from the operation 
but must in some way be connected with the physiological interference. 
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AN ENQUIRY INTO THE EFFECTS ON THE BLOOD 
AND URINE OF THE INTRAVENOUS AND SUB- 
CUTANEOUS INJECTION OF VARIOUS CARBO- 
HYDRATES STANDING IN RELATION TO ANIMAL 
LIFE. By F. W. PAVY, M.D., LLD., F.RS. 


(From the Laboratories of the Royal Colleges of Physicians 
and Surgeons, London.) 


In this mode of introduction of the carbohydrates into the system it 
is to be premised that we are not standing on physiological ground. 
Thus introduced they manifestly escape exposure to the influences that 
are exerted upon them when introduced in the natural way as food 
into the alimentary canal. The results therefore afforded by the 
present method of investigation must not be read as implying more 
than is strictly deducible from them, They simply supply evidence of — 
the conditions existing after the direct introduction of the carbohydrates 
into the system. 

By giving attention to the state of the blood and urine together, an 
insight into the question is gained that is not obtainable from an 
examination of the urine alone. — 


HISTORICAL. 


Bernard’ was among the first to investigate the effect upon the 
urine of experimentally introducing sugars into the system by intra- 
venous and subcutaneous injection. He noticed that saccharose was 
eliminated more freely than glucose. } 

Lehmann’ and also Kersting* made similar observations. Falk 


1 Bernard, Compt, Rend. xxu. p. 536, 1884, and Physiologie Experim. 1. p. 212. 
1855. 

27 Lehmann. Jahresber. d. phys. Chemie, 1844, p. 47. 

3 Kersting. Diss. Inaug. Leipzig, 1844. 
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and Limpert! and Forster’ showed that only @ small portion of the 
dextrose they injected reappeared in the urine. 

Brasol? injected different amounts of dextrose intravenously and 
found in a series of carefully conducted experiments that a portion only 
was eliminated in the urine, and that the remainder disappeared so as 
to leave the blood in a normal state within two hours from the 
completion of the injection. He noticed also that the amount found 
in the blood directly after the injection was much below that which 
would be given by the amount used and the calculated quantity of 
blood ; and, from determinations of the proportions of hemoglobin and 
proteid before and after the injection, he was led to conclude that 
osmosis contributed to account for the discrepancy observed. 

Weyert‘ working on similar lines confirmed the results obtained by 
Brasol and found that the speedy disappearance of dextrose was also 
to be observed even after the ureters had been tied. Vaughan 
Harley* experimented with almost lethal doses and after a lapse of six 
hours failed to obtain evidence of an excess of sugar in the blood. 

Bied! and Kraus® injected 20 to 30 grm. quantities of dextrose 
into the veins of adult women and found that, whilst the mixed urine 
secreted during the succeeding 24 hours gave no definite sugar reaction 
with Fehling’s test, the urine, obtained through the catheterised ureters 
immediately after the injection, gave typical sugar reactions, and in one 
case on polarisation showed dextrose contents amounting to 20 °/,. 
They also experimented upon dogs and in a dog of 5 kilo weight the 
intravenous injection of 2 grms. of dextrose led to the presence of 68 °/,, 
of sugar in the urine collected from the catheterised ureters. In a 
second experiment 5 grms. were injected and the urine collected during 
the following hour contained 52 °/, of dextrose and yielded 1°81 grm., 
equivalent to 36°/, of the quantity injected. 

Fritz Voit’ conducted an extensive series of experiments on the 
subcutaneous injection of various carbohydrates into the human subject. 
His experiments were directed to ascertaining their relative extents of 
elimination with the urine and he employed carbohydrates belonging 


_ Falk und Limpert. Virchow Archiv u, s. w. 1x. 
2 Forster. Zeit. f. Biol. x1. 
* Brasol. Arch. f. (Anat. u.) Physiologie, 1884, p. 211. 
* Weyert. Arch. f. (Anat. u.) Physiologie, 1891, p. 187. 
5 Vaughan Harley. Proc. Royal Soc. uv. p. 179. 1893. 
6 Biedl und Kraus. Wien. klin. Wochensch. 1896, No. 4. 
’ Fritz Voit. Deut. Arch. f. klin. Med. tvmi. p. 523. 1897. 
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respectively to the mono-, di- and poly-saccharid groups. The disac- 
charids, saccharose and lactose, appear to have been fully eliminated, 
whilst in the case of the monosaccharids dextrose, levulose and 
galactose, the disaccharid maltose and the polysaccharid glycogen 
only slight elimination or none at all was noticed. With the other 
carbohydrates that were employed the amount — in relation to 
that introduced varied greatly. 

Nothing is anywhere said about the weight of the persons upon 
whom the subcutaneous injections were practised. Obviously, however, 
body-weight is an important factor in the matter. For precision in the 
comparison of the results obtained it is necessary to know the relation - 
that the amount of sugar employed bears to the body-weight. . 

_ With subcutaneous injection it must be borne in mind that ab- 
sorption has to occur as a preliminary step towards reaching the 
circulation, and that thus we do not stand on the same definite ground 
as with intravenous injections. Glycogen with the colloidal property 
it possesses could scarcely be expected to reach the circulation as such ; 
and in the case of the diffusible carbohydrates the rate of absorption 
doubtless presents variations in different experiments. In some ex- 
periments recorded by Carl Voit’ the absorption was incomplete five 
hours after the injection as sugar was found in the subcutaneous tissue. 

Some of the doses used in F. V oit’s experiments were exceedingly 
small, and with the collection of the urine extending, as it did in many 
instances, over a large number of hours the influenced would be diluted 
with uninfluenced urine. Thus diluted and with the analytical process 
adopted eliminated sugar might escape recognition and give rise to an 
erroneous deduction. Bied! and Kraus’ observations above referred 
to stand as evidence in support of this remark. 

The remark becomes further emphasised in view of the process that 
was adopted for the estimation of the sugar. Allihn’s process, or a 
modification of it in which likewise the copper-suboxide precipitated 
from Fehling’s solution is collected and weighed, was in every case 
employed. This method is an exceedingly eligible one when the sugar 
solution is but slightly charged with nitrogenous matter, and when the 
conditions to be observed are strictly carried out it yields results of a 
highly reliable nature. In the presence of the constituents of urine, 
however, we have a vitiating influence to deal with through the 
development of ammonia, which having a solvent power on the copper- 


Carl Voit. Zeitech. f. Biologie, xxvii. p. 288. 1891. 
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suboxide may lead to some of it being retained in solution. Further 
also with small amounts of sugar in samples of highly loaded urine the 
precipitated suboxide may fall in so finely divided a form as to give 
rise to failure in obtaining satisfactory filtration through the asbestos 
plug. Actual observation with 0°5, 0°75 and 1:0 °/, of added dextrose in 
concentrated urine has shown that Allihn’s process must be spoken 
of as not applicable for the estimation of small quantities of sugar in 
urine, 

Lilienfeld’, using 3 +l solutions of dextrose and injecting into a 
branch of the “vena facialis anterior,’ in rabbits obtained, with doses 
up to 10°8 grm. per kilo body weight, eliminations reaching in one case 
as high as 51°/, of the injected amount but usually very much less. 
The mean of his nine experiments is 16°4°/,. 

Maltose is stated by Philips* to be excreted unchanged after 
intravenous injection, but after subcutaneous injection to be excreted 
partly as maltose and partly as dextrose. | 

Dastre and Bourquelot* assert that maltose after intravenous 
injection is eliminated more readily than dextrose but not so readily as 
saccharose and lactose. 

Lactose according to Dastre‘ is almost entirely excreted after 
intravenous injection, while galactose reappears only as traces in the 
urine, 

Levulose was injected by Lilienfeld® in the same manner as 
mentioned for dextrose, and was found to be eliminated in greater 
quantity than dextrose. 

Béhm and Hoffmann’ state that after injecting glycogen into the 
jugular of cats they found in the urine no glycogen, but dextrose and an 
achroodextrin. | 

Experiments are recorded in my “ Physiology of the Carbohydrates ” 
on the state of the blood and urine after the intravenous and sub- 
cutaneous injection of glucose, derived from honey, and of levulose. 
At the time these were undertaken I did not experiment with dextrose, 
but in the middle of 1897 I started doing so and from the nature 
of the results obtained was afterwards induced to extend the investi- 


1 Lilienfeld, Zt. f. diditetische u. physikalische Therapie, 1. h. 8, 1899. 
2 Philips. Diss, Amsterdam, Abs. in Centr. med. Wissensch. 1882, p. 288. - 
5 Dastre et Bourquelot. Comptes Rendus, xovut. p. 1604. 1884. 
4 Dastre. Centr. f. Physiol. 1889, p. 133. 
5 Lilienfeld. Joc. cit. 
6 Bohm und Hoffmann. Arch. f. exper. Pathol, vit. p, 489. 1877. 
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gation to other carbohydrate principles standing in relation to animal — 
life. The issue of this investigation is contained in the present com- 
munication: 


PROCEDURE FOR THE COLLECTION OF BLOOD. 


In the collection of the blood, as I have elsewhere pointed out’, it is 
necessary to proceed with the utmost expedition in order that no 
change may take place in the contents of the circulation from the 
post mortem production of sugar in the liver. The plan adopted was to 
pith and instantly afterwards thrust a pair of scissors into and lay open 
the chest and snip up the heart. With an assistant on each side of the 
table, having hold respectively of the hind and fore legs, the animal was 
turned over rapidly after pithing for the opening of the chest and then 
turned back again over an evaporating basin standing at hand for the 
reception of the blood, which was at once stirred to defibrinate. 

The time occupied in pithing and collecting the blood in the basin, 
taken by the chronograph, was on an average about 15 seconds. . 


DETERMINATION OF SUGAR. 


With as little loss of time as possible the blood was weighed out, 
30 grms. being the quantity ordinarily taken for analysis. 

Usually the alcoholic method of extraction, as described in my 
“ Physiology of the Carbohydrates’*,” was adopted with the modifications 
that the alcohol was evaporated down in a distillation flask under 
reduced pressure at 55—60°C. with the aid of a Bunsen water-pump, 
instead of in a beaker on the water-bath, and that the alumina process® 
was used for clarifying and decolorising. Alcoholic extraction is called 
for where, as when the disaccharids possessing reducing power are 
present, the CuO reduction requires to be taken before and after 
treatment with acid to give information of the true state of things 
existing. Under the circumstances in question precaution is necessary 
to escape being misled. Aqueous extraction is attended with the 
extraction also of glycogen. Schmidt Mulheim’s process throws 


1 Physiol. of the Carbohydrates, London, 1894, p. 160. 
2 Loe. cit. pp. 61, 62. — 
* Pavy. Proc. Physiol. Soc. Oct. 17, 1896. This Journal, xx. 
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down glycogen’ with the other precipitated matter, but in the presence 
of the acetate the mineral acid subsequently added and reckoned on as 
being free is instead appropriated. Again, with the sulphate of soda 
process the glycogen is similarly thrown down’, but the difficulty is 
repeated in the subsequent operation of inversion, in as much as an 
impeding influence is exerted in proportion as sulphate of soda is 
present. 

In some instances the sulphate of soda process* was employed. 
Where it is known that monosaccharids are being dealt with, and thus 


that there is no need to take the CuO reducing power before and after 


treatment with acid, the sulphate of soda process is quite suitable for 
employment and by it a great saving of time is secured. ae 

The determination of sugar was effected by titration with the ammo- _ 
niated cupric solution. Full details are given regarding the process in — 
my “ Physiology of the Carbohydrates‘.” Its recommendations for use 
in these experiments are its delicacy, reliability, the shortness of time 
required for its application, and the fact that the presence of nitrogenous 
matter exerts no interference: It is for the monosaccharids that the 
ammoniated cupric solution is particularly serviceable. In the case of 
the disaccharids maltose and lactose, it seems as if the molecule offers 
greater resistance to being broken up by the alkali of the solution. At 
all events the same constancy in the titration readings is not attainable, 
and the figures have, therefore, to be regarded as approximate only, 
dependence being placed upon the results subsequently obtained after 
conversion by the acid treatment. 

In the earlier experiments 2 °/, sulphuric acid was employed for the 
conversion, and in each case, except where saccharose was concerned, 
boiling was carried on for 14 hours under a reflux condenser. Latterly, 
2°/, of real hydrochloric acid, or 6°/, of acid, sp. gr. 1:160, has been 
used. It does not appear materially to signify which is employed, but 
probably there is less danger of sugar destruction with the latter. 

Throughout the enquiry no account has been taken of the difference 
due to the water of hydrolysis, as it was not considered of sufficient 
significance to influence the conclusions deducible from the work. 

K is used in the communication to represent the CuO reducing 
power of a product before as compared with that found to exist after 


1 Landwehr. Zt. f. physiol. Chem. 

2 Of. Young. This Journal, xx. p. 401. 1898. 
3 Physiol. of Carbohydrates, p. 59. 

* Loc, cit. p. 74 et seq. 
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conversion by an acid, this latter being regarded as due to glucose and 
taken as 100. The symbol was suggested by O’Sullivan' for repre- 
senting the relative CuO reducing powers of similar weights of different 
carbohydrates, that of dextrose being reckoned as 100. The foundation 
in the two cases is not strictly identical but the meaning is the same. 
I have therefore made use of O’Sullivan’s term. | 

The urine collected during life was obtained by pressure with the 
thumb over the bladder. With a little experience the operator can 
almost reckon on being able to empty the bladder of the rabbit in this 
way. In the experiments on the intravenous injection of 4 grms. of - 
sugar per kilo so rapidly was urine secreted that it was difficult to keep 
abreast of its flow into the bladder and to escape from a certain amount 
of loss by leakage, as it were, from the animal. Although for the 
collection after death the bladder can be exposed and the urine easily 
squeezed out, yet with the active secretion alluded to it was found that 
a spontaneous escape was liable to occur during the operative procedure 
after pithing unless the precaution was taken of pinching the external 


parts. 
NormAL ConpiItTION oF BLOOD AND URINE. 


In order that actual comparative knowledge might be supplied of 
the condition existing antecedent to experimental treatment examina- 
tions were made of the blood and urine of animals taken in their 
ordinary state and dealt with in precisely the same way as with the 
animals subjected to experiment. It will be seen from the results 
obtained through CuO reduction before and after treatment with acid 
that something of a carbohydrate nature other than dextrose has to be 
dealt with. This is a matter to which I propose hereafter to give 
attention separately. 

The sugar present in blood, it is true, is generally regarded as 
consisting simply of dextrose. I myself have so spoken of it for the 
contents of the general circulation in my “ Physiology of the Carbo- 
hydrates.” At least, the statement made is* “observation...shows 
that the kind of sugar found in all parts of the circulation, with the 
exception of the portal system, possesses a CuO reducing power that is 
not, as a rule, increased, and, if increased, only slightly so, by boiling 


1 Q’Sullivan. Trans. Chem. Soc. xxxv. p. 771. 1879. 
2 Loe. cit. p. 157. 
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with sulphuric acid—a character which implies, broadly speaking, the 


existence of glucose.” What was observed was not considered sufficient 
to lead me to dissent from the general view. At that time sodium 
sulphate was used in the preparation of the extract for titration and on 
account of the impeding influence of this salt on the ——— action 


of the acid the autoclave was used, 


Cardiac Blood. Normal State. 


Sugar per 1000, expressed Sugar per 1000, expressed 
glucose, before as glucose, 
Rabbit Before After K Cat Before After 
I 0°997 1°407 71 I 0°986 
Il 0°993 1°255 79 II 1-000 1°190 
tir 0-967 1°261 74 0-883 0°975 
IV 0°939 1°458 64 IV 0°712 1°030 
Vv 1°261 1°740 72 V 1-026 1°409 
VI 1:0389 1°558 67 VI 0°684 1°104 
VII 1°316 1°790 73 Mean 0-880 1:140 
Vill 1°170 1°520 77 
0°992 1°325 75 
x 1°116 1-700 65 
XI 1°088 1°300 83 
xi 1-200 1°630 75 
Mean 1-089 1°495 73 
Normal Urine. 
Sugar per Sugar 1000, expressed 
Rabbit Before After K Cat Before 
I 3°33 6°60 50 I 1°78 3°76 
II 5°89 11°92 49 II 1°73 8°36 
Il 0°68 1°80 38 Il 3°02 7°75 
; IV 1°06 2°38 44 IV 2°27 5°41 
V 2°40 5°36 46 Vv 2°10 4°64 
VI 8°70 790 42 VI 2°17 6°00 
Vil 8°80 16°54 53 Vil 8°31 4°54 
VII 4°89 9°06 54 VIII 1°38 8°21 
ae ».¢ 2°98 6°14 48 IX 4°90 9°00 
x 1°86 3°21 57 x 3°60 7°99 
XI 2°33 4°03 57 XI 4°08 8°96 
4°00 7°00 2°78 5°86 
xm Mean 2°75 5-87 
XIV 4°30 7°24 69 
XV 6°08 10°32 58 
XVI 2°22 4°27 52 Dog 
Mean 3°69 7°03  §2 I 4:07 6°36 


3 
» 
“ing 
ag 
4 
q 
4 
a 
3 
vin 
: 
vas 
4 
7 


INJECTION OF CARBOHYDRATES. 


Since the employment of alumina there has been no necessity for 
the autoclave, and conversion has been effected under a reflux condenser. 
As a result of the adoption of this process different figures are now 
obtained ; and, reviewing all the circumstances existing, I consider it 
may be concluded that more or less destruction occurred in the 
autoclave. I have experimented with portal blood, which I have 
spoken of? as yielding a product with a reducing power more or less 
below that of glucose, and, in harmony with the other results, find that 
with the adoption of the alumina process and the use of the reflux 
condenser a wider removal of the figures from those for glucose is 
obtained. 

The collection of the samples of urine from which the above table 
is drawn was made at various times as the opportunity occurred, for it 
is not always easy in a small animal like the rabbit to come across a 
sufficiency in the bladder to supply what is wanted. 

As elsewhere throughout this communication the CuO reduction is 
read off as due to glucose. In the case of the urine however it is 
known that a certain amount of non-carbohydrate reducing matter 
exists. There is also reason to believe that the same applies to the 
blood. Hence it must be borne in mind that we are not dealing with 
absolute strictness, but the amount of deviation from it may be taken 
as so slight as not to be sufficient to affect our conclusions. There is 
this important point before us that the non-carbohydrate reducing 
matter cannot contribute anything to the increased CuO. reducing 
action observed after treatment with acid. 


INTRAVENOUS INJECTION. 


The following are the carbohydrates that have been experimented 
with :—Saccharose, Maltose, Lactose, Galactose, Levulose, Dextrose, 
Glycogen. 

The rabbit has been throughout employed. It is specially suited 
for the investigation, not only from the point of view of the extent to 
which carbohydrate naturally enters into its food, but likewise from the 
facility with which an intravenous injection may be made without 
producing the slightest disturbance. Lying near the edge of the ear 
is a good sized vein so superficially placed as to permit of a sub- 
cutaneous injection needle being introduced without giving rise to any 


2 Loe. cit. p. 102. 
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apparent consciousness on the part of the animal, and without its 


needing any further restraint than a simple steadying with the hands 


on the table. 

The apparatus for injection consisted of an ordinary 50 c.c. burette, 
with stopcock, connected with the injection needle by about two feet of 
small, thick walled, indiarubber tube. Into the top of the burette an 


indiarubber hand-bellows was affixed by a cork. The solution to be 


injected was poured into the burette and allowed to flow into the 
tubing and needle taking care that all air was displaced. The hair 
over the vein having been removed a Dieffenbach’s clip was applied 
to produce distension of the vein. Pressure within the burette was 
now produced by working the hand-bellows. The stopcock was turned 
on and the escape of fluid controlled by the finger and thumb applied 
to the indiarubber tube just above the needle. The needle was next 
inserted into the vein. The clip was slipped over it to keep it in place 
and the outside pressure on the tube removed to allow the injection to 
proceed. The solution usually ran in at the rate of 25 to 30 cc. 
per minute. When the requisite quantity had been introduced the — 
needle was withdrawn, but the clip left to prevent any subsequent 
bleeding. 
The details and results of the experiments are given in tabular 
form. In each of the tables 
? signifies that urine was incidentally voided but was estimated 
and included. 
+ occurs where urine was voided and could not be estimated. 
* indicates that the sulphate of soda method was adopted for the 
extraction of the sugar from the blood ; otherwise the alcoholic 
method was adopted. 


& 


SACCHAROSE. 


The saccharose employed was in large monoclinic crystals and gave 


on polarisation a value corresponding with 99° p.c. of saccharose. 
‘Solutions were used containing 2°5, 10 and 40 grms, per 100c.c. Thus 


‘the volume injected was kept constant at 10 cc. per kilo body weight 
for the varying doses of 0°25, 1:0 and 4°0 grms. per kilo employed. 
To escape from the possibility of incomplete extraction alcohol of 


80°/, strength was used instead of undiluted methylated spirit. After 


alcoholic extraction inversion was effected by boiling with 2°/, citric 
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acid for 10 minutes under a reflux condenser.. Where the sulphate of 

soda method was adopted, on account of the effect of the inhibiting 
_ influence of the salt on the process of inversion by citric acid, 2°/, of 
real hydrochloric acid, equivalent to 6 cc. of the acid (sp. gr. 1:160) 
per 100 c.c. of liquid, was used. Under this treatment it has been 
ascertained by observation that even in presence of a saturated sulphate 
of soda solution complete inversion is secured. 

After the 4 grms. per kilo dose polyuria of such intensity occurred 
as to call for the exercise of much vigilance in order to keep abreast of 
it in the collection of urine. The bladder required to be emptied every. 
few minutes to avoid loss. Even with the 1 grm. per kilo dose it was 
found advisable not to allow more than about cineca to pass 
without collecting urine. 

Citric’ acid was the inverting agent throughout employed for the 
urine. 

On looking at the figures bearing upon the condition of the blood a 

striking consistency is noticeable. 
saccharose possesses no cu pric oxide power the figures 
under the heading of “before inversion” should correspond with those 
belonging to normal blood, assuming the saccharose to remain un- 
changed. As a matter of fact no noteworthy difference is observable. 
If we inspect the figures closely, however, and compare them with 
those for normal blood given in table p. 486, they are found to stand 
a little higher. Thus, the mean of the 12 observations on normal 
blood stands at 1°089°/,, against 1°208°/,., the mean of the 20 observa- 
tions in the table below. I do not know if any meaning is to be 
attached to this difference. — 

The figures obtained after inversion represent saccharose, expressed 
as glucose, plus the natural sugar of the blood. 

A very marked discrepancy 1 is to be noticed between the amount of 
sugar found and that given by calculation from the estimated volume 
of blood and the quantity of sugar injected. 

Reckoning the quantity of blood, according to current conceptions, 
at 70 c.c. per kilo of body weight, the introduction into it of 4 grms. 
per kilo of body weight and adding 10 cc. per kilo for the water 
introduced with the sugar would give as the result of simple admixture 
a proportion of 50 ) */o0 of sugar. In the four experiments with the 
injection per kilo of 4 grms, in 10 cc. of water, and the collection 
of blood instantly, only 21 to 24°/,, of sugar was found. The time 
involved in the whole experiment, from the commencement of the 
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injection to the actual collection of the blood in the basin to receive 
it from the chest, did not amount to more than from 1 minute 
30 seconds to 1 minute 50 seconds; and, yet, so discordant was the 
result of observation from that deducible from calculation. 

It is true there are two important factors in connection with the 
point that are calculated to influence the result and that must be taken 
into account: viz., diffusion of sugar from the blood into the tissues and 
dilution of the blood by the osmotic passage of water from the tissues 
into it, 

In one experiment I estimated the extent of dilution by comparing 
the quantities of hemoglobin present before and after the injection, 
using a Gallenkamp-Heele colorimeter for the purpose. The comparison 
of the two specimens showed that the colour stood in the proportion of 
100 to 53, indicating that the volume of the blood had been nearly 
doubled. | 

The table shows that 5 minutes after the injection the sugar had 
fallen to 13 to 15°/,, and 15 minutes after to 11 or 12°/,. 

With 1 grm. per kilo the quantity of sugar found instantly after the 
injection was about 6°/,. At the end of 5 minutes it stood at 4 and at 
the end of 15 minutes at 3°/,. These figures it will be noticed are in 
each case about a fourth of those obtained after the 4 grms. per kilo 
dose. At the end of one hour only slight evidence existed of the 
presence of saccharose in the blood. 

The figures connected with the urine ‘require to be looked at with 
caution, as the following considerations show. 

A very misleading view might be taken if the parts per 1000 were 
dealt with as the basis of deduction. This is strikingly exemplified by 
the first two experiments on the table. In the first the sugar after 
inversion amounts to 74'20°/.., and in the second to 16°64°/,. If these 
figures were looked at alone the inference to be drawn would be that a 
much larger quantity of eliminated sugar had to be dealt with in the 
first case than in the second, which is exactly the reverse of the truth. 

The amount actually eliminated stood in the first at ‘371, and in the 
- second at ‘416 grms. The amount of urine was in the first experiment 
5, and in the second 25c.c. This determined the fallacious appearance 
of the result. Attention requires always to be given to the amount of 
urine as well as to the proportion of sugar. In the experiments under 
consideration sugar-containing urine would mix with the previously 
secreted urine that might happen to be contained in the bladder and 
be diluted according to the amount of which this consisted. In other 

PH. XXIV. 33 
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instances the issue may depend upon the different rate of flow of urine 
from the kidney after the sugar injection. Throughout the experiments 
this point is frequently presenting itself, and the rate of urine secretion 
is found to be open to much variation in individual instances. When 
large it may be attended with a surprisingly low proportion, for the 
circumstances, of sugar, and conversely when small the proportion of 
sugar may stand strikingly high. 

Again, the representation of the sugar as amount eliminated may 
prove deceptive. Equal proportionate quantities of sugar may have — 
been injected into animals of different sizes. Concordant effects may 
have ensued, but this would not be apparent on looking at the actual 
amount of sugar eliminated, this being influenced by the amount 
employed for adaptation to the weight of the animal. 

The information that best meets our purpose is that derived from 
_ the amount of sugar eliminated viewed in relation to that injected, and 
a column is given to supply it. 

_ One of the most striking points noticeable in the experiments is the 
extreme rapidity with which after introduction into the blood sugar 
shows itself in the urine. In the four instances in which the urine was 
collected instantly after the injection of 4 grms. per kilo, it was found 
to contain a large quantity of sugar notwithstanding that the time 
occupied in the injection and the collection of the blood in no case 
exceeded one minute fifty seconds. That the sugar should thus rapidly 
find its way along the lengthy route to be traversed is certainly a 
matter to excite surprise. It can hardly be thought that direct diffusion 
from the blood to the bladder can enter into the question. | 
In a few instances the optical activity was compared with the 

cupric oxide reducing power to see if they tallied. Of course the 
character of the figures obtained before inversion showed that there was 
no transformation into glucose. In Exp. VIII, where the urine was 
collected 15 minutes after the injection of 4 grms. per kilo, the cupric 
oxide reduction corresponded with the presence of 74°5°/,, of cane sugar, — 
while the optical activity showed 748°/,. In Exp. IX, under similar 
circumstances the cupric oxide reduction gave 84°5°/» against 80°6 °/,, 
by the polariscope. In Exps, XVI, XVII, XVIII, with the injection of 
1 grm. per kilo and urine collected at the end of one hour the figures 
from cupric oxide reduction stood respectively at 124°0, 65°4, and 1240 
against 113, 60, and 112%». In these last experiments, which were 
conducted in the month of June, the optical activity was not taken till 
48 hours after the urine had been collected and possibly some — 
sition may have occurred. 
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It may be looked upon that saccharose is eliminated without 
undergoing alteration, and this agrees with what has been found by 
other observers. 


MALTOSE. | 

The maltose used was in the form of small crystals and examined by 
the polariscope and copper reduction was found to contain 10°/, of 
water. It had been prepared in the usual way from starch and twice 
recrystallised. I am indebted to Mr Ling and to Mr J. H. Millar for 
supplying me with the quantity I wanted. 

As a disaccharid the application of the converting process by means 
of an acid was required. In all cases therefore the alcoholic method of 
extraction from blood was adopted, and hydrolysis into dextrose was 
carried out by boiling under the reflux condenser for 14 hours in the 
manner that has been’ described (p. 484). 

Titrations were madé before conversion into dextrose and the 
results: obtained are given: but owing to the difficulty in obtaining 
with maltose, and the same applies to lactose, uniformity in the 
readings the figures must not be looked upon as being more than 
approximately correct. 

Weighed quantities of maltose were taken. As these included the 
water of crystallisation it follows that the actual amount of maltose 
experimented with was below the amounts mentioned. 

The strengths of the solutions injected were such as to give the 
allotted 10.c.c. per kilo body weight: viz. 10 and 40 grms. per 100 c.c. 
_-In. reading the figures given before and after inversion it is the 

latter that are to be looked at. These reliably represent the amount of 
carbohydrate expressed as glucose. The figures for before inversion do 
not applicably fall in without framing a calculation based specially 
upon the cupric oxide reducing power belonging to maltose; and, in 
view of what has been previously mentioned about the disaccharid 
molecule not being as easily broken down as the monosaccharid by the 
ammoniated cupric test, precise figures are not so easily obtainable. 
The “before inversion” figures having to be taken with a certain amount . 
of reserve it follows that the same applies to the figures in the K 
columns. 

The amount of sugar found in the blood is seen to be less after 
maltese than after saccharose. The same order of diminution with the 
lapse of time is noticeable. 

33—2 
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The amount of sugar eliminated with the urine is conspicuously less 
than in the case of saccharose. 

In four instances the optical activity was compared with the cupric 
oxide reducing power taking the after inversion figures and bringing 
them into those for maltose. The results stood as follows. 

In Exps. XXIV, XXV, where the urine was collected 5 minutes 
after the injection of 4 grms. per kilo. The urines showed respectively 
40°3 and 35°1°/,, of maltose by cupric reduction, whereas by the polari- 
scope 34°6 and 29°6°/, were revealed. In Exps. XXVI, XXVII, 15 
minutes after the injection of 4 grms. per kilo the figures were 741 and 
23°5 from cupric reduction, and 61°8 and 23°4 by the polariscope. — 

In Exps. XXXI, XXXII, XXXIII, the urine was treated with 
phenylhydrazine. Crystals of maltosazone and none of glucosazone were 
obtained. 


LACTOSE. 


The lactose used was supplied by Merck of Darmstadt. It was in 
the form of fragments of a crystalline mass and was found to contain 
96°/, of anhydrous lactose by examination with the polariscope. The 
general points mentioned in connection with maltose may be read as 
applying also to lactose. 

The comparatively sparing solubility i in water rendered it necessary 
in the case of the 4 grms. per kilo injections to slightly diminish the 
strength of the solution; 35 grms. in the 100c.c. instead of 40 were 
used. With 1 grm. per kilo the strength was the usual 10°/,. 

The insolubility of lactose in alcohol necessitated for its extraction 
from the blood the employment of spirit containing sufficient water to 
dissolve it and yet of sufficient strength to leave glycogen undissolved. 

Lactose stands in a closely analogous position to maltose and much 
that has been said of maltose applies to lactose. 

In Exp. XLIII the cupric oxide reducing power of the urine was — 
compared with the optical activity. The urine was obtained at the end | 
of 1 hour after the injection of 1 grm. per kilo. The after inversion 
figures brought into those for lactose stood at 48°4°/,, against 47°9 given 
by the polariscope, 

In Exps. XXXV, XXXVII, XXXIX, the urine was treated with 
phenylhydrazine ; crystals of lactosazone and none of glucosazone were 
obtained. 
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GALACTOSE. 


The galactose employed was obtained from Merck, and described 
to be chemically pure and to have been prepared by Soxhlet’s process! 
It was in the form of microscopic crystals and was found by polarisation 
and titration with the ammoniated cupric solution to give readings 
representative of a water-free state. 

With the monosaccharids we stand in a different position from that 
held in relation to the disaccharids. As they cannot be further 
hydrolised no treatment with acid is needed, and therefore for their 
determination any satisfactory process of extraction from the blood 
may be employed. This remark applies only where the monosaccharids 
as such are looked for, and here the sulphate of soda process, on account 
of the facility offered by it, has been made use of. But a monosaccharid 
may be built up by the influence of the system into a higher form of 
carbohydrate. For the purpose of obtaining evidence of such synthetic 
passage the cupric oxide reducing power has to be taken before and 


after treatment with acid. Under these circumstances the alcoholic 


method of extraction had to be employed. 

We have here to deal with a monosaccharid and consequently no 
increase in cupric oxide reducing power can be looked for as a result 
of treatment by boiling with an acid. Where it seemed probable 
therefore that galactose would be the sugar found it was not considered 
necessary to do more than take the initial cupric oxide reducing power. 
This accounts for the blank spaces in the after inversion and K 
columns. 

To ascertain if galactose undergoes the same kind of change as 
evidently occurs with dextrose, namely transmutation upwards into 
carbohydrate of lower cupric oxide reducing power, the process for 
inversion was applied, the experiments taken for it being those where 
the lapse of time after the injection would be favourable for the 
production of the result. The figures supplied do not justify the 
conclusion that transformation in this direction occurs, 


LZVULOSE. 


The lewvulose was the commercial product sold by Schering. The 
relation between the cupric oxide reducing power and the optical 
activity corresponded with 91 °/, of levulose and 9°/, of dextrose. 


1 Soxhlet. Journal f. prakt. Chem. 1. xxi. p. 269. 
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On account of the loss that occurs on boiling leevulose with an acid 
no useful information could be expected to be obtained by subjecting 
a product containing it to the process. The sulphate of soda method 
of dealing with the blood was therefore the usual one adopted. 

The want of stability of lavulose under exposure to the treatment 
of boiling with an acid takes away from the value of the figures 
obtained after subjection to the process adopted for inversion. Hence 
to avoid unnecessary expenditure of time they were not as a rule taken ; 
this explains the number of blank spaces that occur in the Table. In 
the few instances in which the after inversion figures were obtained the 
value would have probably stood higher if no destruction had taken — 
place. 

As regards the effect of the 4 grms. per kilo injection the amount 
of sugar in the blood taken instantly stood in the neighbourhood 
of that noticed in the case of the other monosaccharids. The same 
indeed applies to the whole series of injections. As with the other 
monosaccharids the amount of sugar eliminated is seen to have been 
considerably less than that occurring with the disaccharids. Looked at 
in relation to the other members of the monosaccharid group the 
figures showing the quantity eliminated occupy an intermediate — 
between those for galactose and dextrose. 

_ For the purpose of ascertaining if the lwvulose escaped in an 
unchanged state, the opticity of the urine was in some of the 
experiments determined as well as the CuO reducing power. At first, 
when the urines were cleared for polariscopic examination by treatment 
in the routine way with lead subacetate, the levorotation was much 
below that corresponding with the CuO reduction; and, even in one 
instance, dextrorotation to a slight extent was observed. Surprised at 
these results the question. was looked into upon the ground of the 
possibility of some deceptive condition existing, and Bittmann’s' 
observations on the effect of the presence of lead subacetate in altering 
the specific rotation of levulose were come across. Bittmann experi- 
mented upon invert sugar and found that in proportion as he had lead 
subacetate present so was the levorotation reduced, and that the effect 
might be carried into the production of dextrorotation. Upon the 
strength of this information observations were made without the 
employment of lead subacetate. Sufficiently clear and colourless 
specimens of urine for optical examination were obtained by the agency 


1 Bittmann, Zeits. d. Vereins f. d. Rilbenauckerindustrie d. D. Reiches. xxx. p. 875. 
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of dilution and filtration only. In these the indication from the optical 
activity closely agreed with that afforded by CuO reduction. Counter- 
part observations made with the employment of lead subacetate yielded 
discordant results like those obtained before. 


DEXTROSE. 


The dextrose employed was obtained from Merck. Determination 
of its optical activity and cupric oxide reducing power showed it to 
contain 95°/, of anhydrous dextrose. 

In dealing with dextrose, the changed state that it passes into after 
its introduction into the system calls for attention in relation to 
analytical procedure. Observation has clearly shown that after its 
injection in quantities insufficient for the unchanged to mask the 
changed dextrose, both blood and urine contain a product which is 
susceptible of being carried by treatment with acid into a higher cupric 
oxide reducing state. In consequence of the molecules of dextrose 
having been thus dehydrolised and synthesised into a higher form of 
carbohydrate the necessity is created for dealing with the product in 
the same manner as after the injection of the disaccharids maltose 


and lactose. It was only after the quantity of dextrose injected was 


such as to justify the expectation that dextrose only would be found 
that. the sulphate of soda method was used. 

A notable point clearly brought out by the figures in the above 
table is the effect of the system in changing dextrose into a lower form 
of CuO reducing carbohydrate. This is not apparent with the injection 
of large quantities on account of the covering influence of the surplus 
dextrose. With small quantities, however, the effect is evideut in the 
case of both blood and urine, and more particularly so in that of the 
latter. When injected in large quantity into the blood the sugar seems 
to pass through the kidney into the urine with a rapidity that does not 
allow of change occurring. Seeing that under these circumstances 
dextrose might be expected to be found the inversion process in many 
instances was not applied, and blank spaces appear in the table. 

The amount. of sugar found in the blood after the injection of 
dextrose is throughout seen to be about concordant with that found 
after the other monosaccharids. The consistency observable in the results 
obtained in the various experiments is striking. After the 4 grms. per 
kilo dose the quantity of sugar found in the instantly taken blood 
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stands at 14, at the end of five minutes at 10, and at the end of fifteen 
minutes at 8 per 1000. But little variation in the respective sets of 
figures is noticeable. 

When speaking of saccharose I commented upon the extent to 
which the proportion of sugar in the blood collected instantly stood 
below that given by calculation from the simple admixture of the sugar 
employed with the amount of blood estimated to exist. By colour 
examination with the hemoglobinometer before and after the injection 
it was found that the blood had undergone sufficient dilution by 
osmosis to about account for the disparity. A similar examination was 
conducted in the case of dextrose, and the result showed a less extent 
of dilution than that given for saccharose. For saccharose the drop in 
eolour was from 100 to 53. For dextrose the drop was from 100 to 63. 
There was thus an indication of less blood dilution by osmosis which 
taken by itself should lead to a larger percentage of sugar being given. 
In opposition, however, we find the amount of sugar in the dextrose 
blood standing at 14°/,, against 24°/,, for the saccharose blood. No 
doubt diffusion like osmosis would come into play. I do not know how 
this would affect the result, and it must be said that, certainly upon 
physical principles, the explanation of the wide difference in the 
amount of the monosaccharids found in the blood collected after the 
injection of 4 grms. per kilo from that found after the injection of the 
-disaccharids, and especially of saccharose, is not apparent. 

After 2 grms. per kilo, the figures run 9°/ instantly, 6°/, at the 
end of five, and 5 °/ at the end of 15 minutes. 

After 1 grm. per kilo, we have, it may be said, 6 °/,. instantly, 4 */og at 
the end of five minutes, and between 2 and 3 at the end of 15 minutes. 
At the end of one hour the figures taken in their entirety correspond 
with those for the normal state. The mean of the 12 normal bloods of 
the rabbits given in a previous table stands at 1°089 before and 1°495 
after inversion, whilst the mean of the 12 instances in question stands 
1:058 and 1:336 respectively. 

After the dose of 0°25 grm. per kilo, the blood collected instantly 
contained 2°4 °/,, before and 2°66 °/,. after inversion. At the end of five 
minutes the figures given were 2°333 before and 2°910 after; and at 
the end of 15 minutes 1°430 and 2°040, an amount definitely above the 
normal. At the end of 30 minutes the figures correspond with those 
of normal, the mean of the six experiments standing at 1:096 before 
and 1°363 after inversion. There are five experiments with the blood 
taken at the end of an hour, and in these the figures all stand some- 
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what above the normal. The reason I cannot explain. The before 
inversion figures give a mean of 1°344 and the after 1:850. 7 

With respect to elimination with the urine, comparison of the 
several tables shows that no great difference exists between dextrose 
and the other monosaccharids. 

Saccharose is the sugar that escapes the most freely. Next come 
the other disaccharids and then the monosaccharids, amongst which 
dextrose, taken all round, occupies the lowest place. After the 4 grms. 
per kilo dose, however, dextrose runs off freely with the urine, and here 
approximates in behaviour to the other sugars. The highest proportion 
of dextrose met with was in Exp. LX XXIX, where it is seen to stand at 
88 per 1000. 

Attention may be directed to the 1 grm. per kilo experiments with 
one hour's urine. It will be seen that a notable amount of sugar was 
eliminated, and this will be subsequently compared with that corre- 
spondingly eliminated after the other sugars. Amounts as high as 64 
(Exp. XCVIIT) and 72 (Exp. CX) per 1000 are recorded. _ 

In a considerable number of experiments the small dose of 0°25 grm. 
per kilo was employed. Although the quantity injected amounted to 
only 1-4000th of the weight of the animal, distinct evidence of influence 
upon the urine is perceptible. The mean of the figures for the normal 
urine of the 16 rabbits previously tabulated stands at 3°69°/,, before 
inversion, and 7°03°%/,, after. Here the mean of the figures for the 
hour’s urine in five rabbits (Exps. CXXII—VI) is 7°64 °/,, before and 
13°81 °/ after. 


Glycogen. 

I have conducted a few experiments on the intravenous injection of 
glycogen. Its colloidal properties place it on a different footing from 
the sugars. 

The glycogen employed was obtained from the liver of the horse 
by the potash process to which Kiilz’ name is ordinarily attached, but 
which I was in the habit of using long before Kiilz adopted it, Purifi- 

_ cation was effected by Briicke’s method and twice precipitating with 
70 °/, alcohol. 

In each case the urine obtai ned contained albumin and was tinged 

with blood. 
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INTRAVENOUS INJECTION OF GLYCOGEN. 


1 grm. per kilo. 
Blood Urine 
Time of Sugar s Carbohydrate expressed as glucose — 
death A ~, 
K Yoo K grms. 


60 8 105 1002 65861 £418 0°568 

OXXVIII 60 173 244 70 3°5 232 21:47 108 
60 47 27 15°25 6185 29 0°140 

49 25 82°00 14736 21 0:368 


The amount of sugar in the blood is seen to be considerably higher 
than the normal. In the two first experiments the CuO reducing power 
(K) corresponds with what is ordinarily met with. In the two last it is 
conspicuously low, and here it has to be stated that extraction was 
purposely performed with spirit of 70 °/, strength with the view of taking 
up dextrin that might be present and escape solution in stronger spirit. 

A considerable quantity of carbohydrate with a strikingly low CuO 
_ reducing power was present in the urine. In one case when brought 
by inversion into glucose it was found to amount to 147°36°/,. 
ranged from 10°8 to 29. It is hardly to be conceived that glycogen 
was excreted as such, and no colour reaction was given with iodine. 
Members of the dextrin group must be concluded to have been present. 
In the absence of glycogen this is necessarily the only way in which the 
low cupric oxide reducing power is to be accounted for. 


GENERAL CONSIDERATIONS. 
The Blood. 


In the review to be given it will be seen how the several carbohydrates 
that have been experimented with stand in relation to each other 
in the blood after their intravenous injection. Uniformity will be 
attained by viewing the carbohydrate in each case as glucose, The 
other figures, not being needed, would only introduce confusion. It 
will be understood, therefore, that the analytical results throughout 

represent glucose expressions. The figures stand as parts per 1000, 
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INTRAVENOUS INJECTION OF 4 GRMS. PER KILO. 


Blood collected instantly. 


The following were the respective amounts of sugar found after the 
injection of the different sugars. 


Saccharose Maltose Lactose Galactose Leevulose Dextrose 
24°26 17°32 20°00 - 13°93 14°94 14°83 
24°52 18°73 17°90 1l-il 17°00 14-20 
21°66 17°30 14°94 
21°21 14°58 15°48 


These results stand in striking harmony for the respective sugars. 

The amounts to be dealt with are notably higher in the case of 
saccharose than in that of the other sugars. Next come the other two 
disaccharids. The figures for the monosaccharids, especially those for 
galactose and dextrose, fall into a distinctly lower range. 

Under the headings of saccharose and of dextrose, I have commented 
upon the remarkable difference in the respective amounts of sugar found 
in the blood collected instantly. Looking at the very short period of time 
in which the injection and collection are made, it seems hardly credible 
that so much difference should exist. Dilution of the blood by osmosis, 
as indicated by the hemoglobinometer, suffices as I have mentioned 


- (p. 491) in the case of saccharose to bring the quantity found about 


in accord with the result given. by calculation from the estimated 
quantity of blood. In the case of dextrose, however, it is far otherwise. 
According to the observation made with the hemoglobinometer (p. 504), 
a somewhat less dilution of the blood by osmosis had occurred, and the 
percentage of sugar found was less by not very far from one half. It is 
difficult to understand how this difference is to be accounted for. Can 
it be that the tissues by virtue of a selective capacity abstract dextrose 
in a manner that is not done for saccharose? The latter altogether 
seems to stand in the position of a foreign body if permitted to enter 
the general circulation. Experiments on intestinal absorption show 
that selective action occurs instead of the process being the result of 
mere diffusion. Yeast dells also take, and act upon, dextrose -whilst 
saccharose untransformed by an enzyme is left untouched. 


Blood collected at the end of 5 minutes. 


Saccharose Maltose — Lactose Galactose Leevulose Dextrose 
13°04 12°05 10°30 10°37 10°56 10°20 | 
15-80 10°04 -10°62 10°56 10°72 

9°88 
PH. XXIV. ; 34 
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A considerable drop is found to have occurred in the amounts, and 


the disparity is seen to have in great measure disappeared, saccharose 
only standing to any extent away from the rest. 


Blood collected at the end of 15 minutes. 


Saccharose Maltose Lactose Galactose Leevulose Dextrose 
12°10 866 . 8°50 8°33 7°22 7°35 
12-06 7°48 10-00 ats 7°50 8:17 
11°66 7-37 859 
8°59 


A further but not so extensive a drop is shown and all the results 
stand in about the same neighbourhood with the exception of those for 
saccharose which still occupy a higher position. 

INTRAVENOUS INJECTION OF 1 GRM. PER KILO. 


Blood collected instantly. 


Saccharose Maltose Lactose Galactose Dextrose 
6°53 6°43 6°12 6°14 6°48 6°58 
5°54 5°30 

6°53 


Here the disparity in the results for the different sugars is no longer 
noticeable. With conspicuous concordance the figures yielded stand 


close to 6 per 1000. This it will be observed is in agreement with the | 


previous results obtained in the case of saccharose: 1 grm. against 
4 grms. per kilo injected, and about 6 against about 24 per 1000 of 
sugar found. For the other sugars, and particularly for the mono- 
saccharids, the same does not hold good. Indeed, in the case of the 
latter the relation is very far out and speaking generally it may be 
said that the sugar in the blood after the 4 grms. per kilo is sufficiently 
low, for it is this which is at the foundation of the altered relation, to 
make the amount of sugar found after 1 grm. per kilo stand in the 
proportion of about one half instead of one fourth of that found after 
the 4 grms. per kilo. 


Blood collected at the end of 5 minutes. 


Saccharose Maltose Lactose Galactose Leevulose Dextrose 
4°90 3°63 4°34 3°39 3°92 4°22 
4°37 


A drop from about six to about four per 1000 is all that is 
noticeable between these results and those where the blood was 
collected instantly, 
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Blood collected at the end of 15 minutes. | 


Saccharose Maltose Lactose Galactose Leevulose Dextrose 
3°60 3°51 3°81 2°66 2°57 2°32 
3°22 3°14 . 


A further but not large fall is noticeable for the lapse of 10 minutes. 
The figures for the monosaccharids run in a a lower range than 
those for the disaccharids, 


Blood collected at the end of 60 minutes. 


Saccharose Maltose Lactose Galactose Leevulose Dextrose 
1°88 1°59 2°38 1°66 1°29 1°42 
1°97 2°05 2°91 1°79 1°49 1°59 

1-70 1°75 1°66 1-66 1°50 
1°73 1°41 1°51 
1°79 1°37 1°55 

1°60 1°12 

1°38 

1°28 

0°70 

1°22 

1°31 

1°41 

Mean 1°92 1°78 2°33 1°72 1°44 1°33 


According to the above figures about the normal position for after 
inversion state was regained at the end of one hour after the dextrose 
and: levulose and very nearly so after the galactose injection. The 
results after maltose and saccharose were only slightly removed from 
those after galactose. The highest amount of sugar was found in 
association with the lactose injections. 


INTRAVENOUS INJECTION OF 0°25 GRM. PER KILO, 


Experiments have only been conducted with saccharose and dextrose 
in 0°25 ats per kilo dose. The results stood as follows. 


Saccharose Dextrose 
Blood collected instantly 2-550 2-660 
» at end of 5 minutes 2-910 
” | 2-226 2-040 

” ” ” 1°180 

” ” ” 30 ” 1°160 

” ” » 80 4 1:360 

” ” ” 80 ” 1°523 

” ” ” 30 ” 1°497 

” ” » S30 1°466 

” ” » 60 ” 1°838 

” ” » 60 ” 1°815 

” ” » 1918 

” ” » 60 ” 1822 

” ” » 60 ” 1866 
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As far as the figures for saccharose extend it appears that they 
about coincide with those for dextrose and show that at the end of 
15 minutes the sugar stood in a decided manner above the normal. _ 

Dextrose figures only now remain for consideration. With the 
blood collected at the end of 30 minutes the results obtained in the 
six experiments may be spoken of as corresponding with those given 
by normal blood, There are five experiments representing the con- 
dition of the blood at the end of one hour and in all of these the sugar 
was distinctly higher than in the preceding set. This is not intelligible 
but it is strange if it should fall as a mere accident. 


The Urine. 


I have reviewed the points calling for consideration in connection 
with the blood and I will now take those belonging to the urine. 

After the 4 grms. per kilo dose, all the sugars run out from the 
system with great rapidity with the urine and if the results are looked © 
into it is noticeable that no pronounced difference is perceptible. The 
chief point discernible is that the disaccharids somewhat surpassed in 
freedom of exit the monosaccharids. The extreme rapidity and extent 
to which sugar finds its way into the urine has been already spoken of. 
Although only 14 minutes or less may have elapsed from the com- 
mencement of the injection to the actual collection of the blood the 
urine has been found to contain sugar reaching to the amount of 
60 and 70 per 1000. 

After moderate doses elimination takes place at very different rates 
for the different sugars. This is well shown by viewing the elimination 
that occurs during one hour after the injection of 1 grm. per kilo. The 
bladder to begin with was squeezed to empty it of its contents. The 
1 grm. per kilo was then injected. To escape from loss by micturition 
squeezing was performed in about half an hour and then at the end of 
the hour the animal was killed and after the collection of the blood the 
urine was obtained from the bladder. 

There are three ways of representing the sugar found, (1) the 
proportion per 1000 in the urine, (2) the actual amount and (3) the 
percentage relation to the sugar injected. 

The’ proportion per 1000 is influenced by the amount of water that 
chances to be excreted. A large quantity of urine may have been 
secreted containing a low proportion of sugar and yet contrary to what 
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appears on the surface, the amount of sugar eliminated may be greater 
than with a higher proportion of sugar and less urine secreted. The 
actual amount of sugar, looked at by itself, may prove deceptive 
through the amount of sugar taking part in the question varying with 
the weight of the animal. If, however, we look at the amount 
eliminated in relation to that injected, we obtain a representation of 
- the relative extent to which elimination occurs with the different 
sugars. In the following table this plan is adopted. A comparison - 
of the position in which the several sugars stand is afforded. 


Sugar expressed as glucose eliminated in one hour after the intravenous , 
The figures represent percentage of the 
amount inyected. 


Saccharose Maltose Lactose Galactose Leevulose Dextrose 
80°4 56°8 51°9 19°7 12°8 
82°8 56°3 45°1 38°6 28°6 
80-0 56°5 49-1 31-7 156 28 

19°6 19°8 11°7 
23°1 19°5 
22°7 15-4 

19°2 

17°0 

10°2 

81°5 


Mean 48:7 2389 20°9 156 


Thus 81 per cefit. of the saccharose injected was as a mean 
eliminated in one hour after the injection, and so on with the 
quantities named for the other sugars. 

With the disaccharids the figures for each of the different sugars 
are strikingly concordant. A wide gap occurs between saccharose and 
maltose and a less one between maltose and lactose. 

The monosaccharids stand quite apart from the disaccharids and 
more variation in the individual results is noticeable. With the 2:8 
per cent. in the third line from the top in the dextrose éolumn it looks 
as if some error had ‘crept in. The quantity of urine obtained was 
inconsistently small for the proportion of sugar existing and it is not 
impossible that some loss that escaped recognition may have taken 
place during the hour. These low figures have a certain amount of 
effect in bringing down the dextrose mean. 
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It is clearly apparent from the table that the monosaccharids are 
eliminated much less freely than the disaccharids; and, of the mono- 
saccharids galactose, levulose, and dextrose run in gradually decreasing 
order. 

As regards the 0°25 grm. per kilo dose I may refer to the remarks. 
made earlier, The results of the experiments conducted show a 
distinct effect upon the urine. The mean of the sugar determinations — 
in the five experiments in which the hour's urine after injection was 
taken is just double the mean given for the 16 normal urines tabulated 

in the early part of this communication. 


SUBCUTANEOUS INJECTION, 


Rabbits, as with the intravenous injections, were the animals 
employed for experiment. The sugars used were also from the same 
samples. The injection was made into the subcutaneous tissue of the 
back, the solution being run in from a burette as in the other experi- 
ments and afterwards dispersed by well kneading and rubbing to 
promote absorption. 

The difference has to be held in view that whilst in intravenous 
injection immediate and complete entry into the circulatory system 
takes place, in subcutaneous injection absorption has to occur which 
gives uncertainty to the time of entry. In the instances in which in 
my experiments, dextrose having been used, the subcutaneous tissue 
was examined at the end of the two hours, when the animals were 
killed, a watery state was found in the locality of the injection and on 
testing with Fehling’s solution a strong reaction was obtained. Graham 
Lusk? noticed that at the end of five hours the absorption remained 
incomplete. 

By the strict uniformity that was observed in the circumstances of 
the experiments the results in the table to follow stand in a position to 
be comparable to one another. The bladder was squeezed before the 
injection ; and, as a precautionary measure to escape from loss, urine was 
collected, where practicable, by squeezing at the end of one hour. This 
was not always successful in preventing loss, but where it occurred it 
is shown in the table — ?, as before, signifying loss under circumstances 


permitting of estimation and + loss where the quantity could not be 
reckoned. 


10. Voit. Zeit. f. Biol. xxvi. p. 245. 1891. 
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Subcutaneous Injection of 1 grm. per kilo body weight in 10°), solution. 
Animal killed 2 hours after. pilose 


Blood _ Urine 
Exper. Sugar inversion Volume Per 
no, oo ec. %  Grms. injected 
I Saccharose 0°933 1770 — 52 0°46 24°0 — 1248 56 
II #1400 — 7 4°40 258°6 — 1-780 59 
0323 «6461530 — 18 1:00 53°6 — O0966 48 
IV Maltose 1761 2-978 59 34 2°80 641 43 0-218 74 
2°121 $256 65 £75 15°50 25°92 60 0194 10°4 
VI 2021 384656 58 11°0? 7°00 13°71 51 8°65? 
vu 1547 65 810 85°44 78 0-248 10-7 
Vil 1694 2189 77 2°78 604 45 0048 19% 
Ix 2-089 492497 85 706 16-51 42074 88 
x Lactose 85 61:18 12236 650 1040 41°6 
XI 1354 1771 76 270 83°54 63°02 53 1701 59°7 
XII 1-444 1999. 72 590 63°00 138420 46 O671 23° 
XII 1547 2166 71 1650 45°20 8666 52 1300 #£61°9 
| XIV Galactose 1°421 1625 87 110 4000 40:00 100 0440 15% 
: XV 1338 1666 80 88-0? 17°33 17°38 100 0572? 24-02 
XVI 1468 1905 81 6°58 684 96 0810 18-1 
XVII Levulose 1390 1:490 97 153 18°07 70 
XVIII 0930 0940 98 42 41% 0174 82 
XIX 1310 90 190 8°5 — 0°167 
XX Dextrose 1212 1555 78 33°0 2°02 532 39 6°4 
1-416 1961 38°8 907 1420 64 0054 25 
Xx » 1414 1487 88 120 1120 2240 50 0268 
XXIII i 1371 2050 67 26 16°30 22°30. 71 0-059 2°7 
XXIV 3°50 -862 40 0-188? 6:3? 
XXV 1465 1875 TT 28 13°60 24°00 56 0-067 
XXVIII 1274 1673 8°12 1766 46 0°062 2°65 
XXVIII 1020 1:238 82 45°02? 1°62 529 80 0-288? 6-4? 
0866 1294 67 M40 4°13 986 42 0188 4% 
1142 14938 76 490 12°38 25°60 48 49 
Examination of the table shows that saccharose and lactose passed 
rapidly into the urine in like manner as occurred after intravenous 
. injection, Support is accordingly given to the current view that thus 
reaching the system these two carbohydrate principles are insusceptible 
of being acted upon by it and thence become discharged as useless 
| | material with the urine, 
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With the remaining disaccharid, maltose, an anomalous position is 
noted. If we look at the table (p. 513) showing the effect of the 
intravenous injection of 1 grm. per kilo, it is noticeable that maltose 
became eliminated as freely as, even in fact a little more so than, lactose 


‘but both stood considerably below saccharose. After subcutaneous 


injection however the maltose elimination runs strikingly low, indeed 
definitely less than that of galactose and nearly on a level with that 
of levulose and dextrose. Thus whilst standing after intravenous 
injection in a line with the other disaccharids, after subcutaneous 
injection it stands far away from them and falls in with the mono- 
saccharids. 

Turning to dextrose the before and after inversion figures, which 
form the foundation of those in the K column, strikingly attest what 
has previously been said about the modified form in which it presents 
itself before us. The lowness of the CuO reducing power: of the 
carbohydrate met with in the urine contributes considerably towards 
accounting for the ‘slight CuO reduction noticed after the injection 
of dextrose. 

Galactose gives evidence of being eliminated without change. Here 
it is seen that the CuO reducing power before and after inversion is 
practically the same. For the three experiments conducted K stood 
at 100, 100 and 96, whereas in the 11 examples of dextrose in no 
instance is K seen to stand above 71 and the mean of the 11 is 44. 

Levulose, apparently like galactose does not undergo alteration, but 
on account of the facility with which it is acted upon by acids figures 
of any value cannot be obtained after inversion. 

The quantity of urine was very variable. In some cases there was 
extensive polyuria attended with a low proportion of sugar. 

But few points call for notice with reference to the blood. 

Saccharose possessing no CuO reducing power does not show itself 


in the blood before inversion. Here the normal figures for blood were 


therefore obtained. Citric acid was the agent used for inverting. This 
whilst acting upon the saccharose does nothing towards raising the 
CuO reducing power in the manner that is done by a mineral acid 
in connection with normal blood. Thus, the after inversion figures 
must be looked upon as standing somewhat lower than they would if 
the double effect had been represented. —~ | | 

After maltose a considerably higher range of figures is met with 


' than after any of the other sugars. Why this should be I cannot 


explain. The elimination with the urine being small it seems as 
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if the maltose were held by the blood more tenaciously than the 
other sugars. : 

After the other sugars the figures run pretty evenly together. 
Indeed throughout the list it is only in the case of maltose that any 
marked difference is presented. 


GENERAL CONCLUSIONS. 


The sugar normally present in the blood does not consist exclusively 
of dextrose. The product, in fact, given by alcoholic extraction 
possesses a CuO reducing power considerably below that of glucose— 
viz. about 75 as compared with glucose reckoned at 100. 

Normal urine contains a distinctly evident and easily determinable 
amount of sugar which like that in the blood possesses a CuO reducing 
power below that of glucose. The actual CuO reducing power is 
considerably lower than what is found in the case of the blood. 

In experiments on the intravenous and subcutaneous injection of 
sugars the examination of the blood as well as of the urine and the 
estimation of the CuO reducing effect producible before and after 
inversion give an insight into the current of events beyond what is 
otherwise obtainable. 

Whatever the explanation the experiments show a striking difference 
in the amount of sugar found in the blood collected instantly after the 
intraverious injection of large doses (4 grms. per kilo) of the disaccharids 
as compared with that found after the monosaccharids. The. highest 
figures 21—24 per 1000 occur after saccharose. The lowest after 
galactose and dextrose in connection with which they stand respectively 
at 11—12 and 14—15 per 1000. After the injection of small doses 
the same disparity is not observable. 

The disaccharids, saccharose and lactose seem to comport themselves 
within the general system as unserviceable foreign matter and become 
speedily cast out with the urine. They appear, as it were, to be 
repelled by the system and to be discharged accordingly. 

The results from maltose are ambiguous. After intravenous injection 
they correspond with those for lactose and thus give the appearance 
that the two stand in an allied position—indeed the figures show a 
rather greater elimination of maltose than of lactose. In the experi- 
ments, however, with subcutaneous injection the elimination of maltose 
shows a wide difference from that of lactose and coincides instead with 

PH. XXIV. 35 
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that noticeable after the monosaccharids, even after those with which 
the lowest figures occur. 

After both intravenous and subcutaneous injection the results given 
by the monosaccharids show a low degree of elimination. Of the three, 
galactose distinctly escaped more freely: than levulose and dextrose ; as 
regards the two latter, not much difference is perceptible. What there 


_ is is in the direction of higher figures for levulose. 


A notable point brought out is the alteration that dextrose 
undergoes. After the injection of a large quantity, on account it may 
be assumed of the masking influence exerted, dextrose is found in both 
blood and urine. Injected in less quantity, however, the initial CuO 
reducing action is far less than that met with after inversion. This 
applies alike to blood and urine and as is noticeable with normal blood 
and urine the CuO reducing power expressed by K is considerably — 
lower in the case of the urine than in that of the blood. 

In contrast with dextrose no such change occurs with galactose. 
With levulose the circumstances do not permit of a definite conclusion, 
but apparently the change does not occur. 

Glycogen injected intravenously gives rise to the presence of a 
higher amount of sugar than normal in the blood and to the elimina- 
tion of a considerable amount of low CuO reducing product in the 
urine. 

From the contents of this communication it is learnt that with the 
adoption of a sufficiently delicate method of experimental procedure, 
the introduction of carbohydrate matter by intravenous and sub- 
cutaneous injection, in all the forms and in the smallest doses 
employed, told in a distinctly recognisable manner upon both blood 
and urine. A difference consisting of one of degree, and not of actual 
kind, is noticeable with the different sugars. Those which fail to be 
susceptible of application on introduction into the general system, are 
freely thrown out, but at the same time the converse does not strictly 
hold good, for although susceptible of application they do not miss 
revealing their presence in a manner distinctly to be perceived. Even 
with dextrose, which seems to possess the greatest aptitude for under- 
going application, its introduction is made evident alike through the 
blood and urine, in proportion to the extent to which it is introduced. 
The application that occurs is not immediate but gradual and thus 
evidence is obtainable of the entry that takes place by the addition 


occurring to the normal sugar. 


The generalisation has been framed that the sugars that are 
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susceptible of application consist of those which ferment with yeast. 
There is harmony in this proposition inasmuch as fermentation being 
due to living cell action it is only an extension of the principle for 
a sugar that yeast can appropriate to be likewise susceptible of 
appropriation by living matter of another kind. It is also reasonable 
for the converse to hold good—viz., for a sugar that resists (as long as 
unchanged by an enzyme) being appropriated by the protoplasm of the 


yeast cell to similarly offer resistance to protoplasmic action elsewhere. — 


The generalised appropriation of sugar by protoplasmic agency I spoke 
of in my “ Physiology of the Carbohydrates” in 1894. I urged that the 
power manifested itself by synthesising into proteid and transmuting in 
the direction of reduced hydration as a general property of protoplasm. 
With reference to the latter, at p. 236 my words run: “the transmu- 
tative power by no means exclusively belongs to the liver—indeed, I 
am disposed to think that it exists as a general property of the 
protoplasmic matter of the body.” 

In closing this communication it is due to my assistant Mr R. L. 
Siau to acknowledge the zealous aid that has been rendered by him. 
A great amount of work has been performed and I think I may refer 
to the results presented as affording testimony of the care that has 
been bestowed upon it. 


June 12, 1899. 
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PROCEEDINGS 
PHYSIOLOGICAL SOCIETY, 
Feb. 18th, 1899. 


The Characteristic of Nerve.—Its alteration by altered 
Temperature. By A. D. WALLER. 


By the “characteristic” of nerve (motor) is to be understood the 
numerical value indicating the rate of decline of the energy-curve of a 
true minimal stimulus. The latter is not merely the smallest stimulus 
of any kind or shape evoking a smallest visible contraction, but the 
smallest amount of visibly effective energy at an optimum rate of 
impact. The only known means of delivering a stimulus of this 
character is by charge or discharge of a condenser through the nerve. 


Exp, Frog; n.m.p. R,=70000 ohms. Minimal stimulation. 


Energy ‘tall of “all ot | 
F FV 
000085 1°44 0000504  —-0-00863 44700 0-000019 
00008 0°72 0:000612 0-00220 9200 0000047 
0-002 * «(000180 1950 = 0000111 
0-007 0-18 0001260 ——-0-00118 opt. 279 0-000888 
0-05 0-09 0004500 
[10 0-045  0°450000 010125 005 0°554000] 


Short of determining the number of a best-fitting energy-curve (i.e. 
the characteristic of a true minimal stimulus and therefore of the nerve 
itself in its then state) we may often usefully ascertain the number of 
an energy-curve that fits well (ze. an approximation to the character- 
istic), or of an energy-curve that does not fit at all. 
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By rise and fall of Temperature the characteristic of nerve is raised 
and lowered; so that an energy-curve of high number (steep short 
stimulus) fits at high temperature, and does not fit at low temperature ; 
whereas an energy-curve of low number (gradual prolonged stimulus) 
fits at low temperature, and does not fit at high temperature. 

Thus eg. with a nerve-muscle preparation stimulated by discharge 
of condensers large and small at voltages low and high, energy at the 
gradient of 6 was effective at 4°, ineffective at 30°, whereas energy at 
the gradient of 11910 was effective at 30°, ineffective at 4°. The data 
in this case were :— 


Expr. R. of nerve + electrodes=70000 ohms. . 


Capacity Pressure Quantity Rate of Time of 
in in in Energy fall of fall to 
microfarads volts | microcoulombs in ergs energy 3. sec. Contr. 


” ” ” ” 
05000 012000 "144 6 0°024250 


” ” ” 


Temp. 
00015 144 «000216 0016 11910 0000073 30° maximal 
4 
30 
4 


In the tracing exhibited the data were :— 


Exe, RB. of nerve+electrodes = 130000 ohms. 
00007 144 0001 #0007 11862 0-000063 


30° maximal 

” ” ” ” ” ” 4 none 
10000 009 040 06 0090100 30 none 

” ” ea ” ” ” Bas 4 maximal 


Of these two principal results obtained by aid of the condenser— 
viz. sharp stimulus favoured by heat, blunt stimulus favoured by cold— 
the latter has actually been observed by Gotch and Macdonald’ but 
- misinterpreted by them, and presented as an inexplicable anomaly, viz 
as a “short” stimulus favoured by cold. Their account is as follows :— 


“Tt thus appears that the nerve responds better to stimulation by 
condenser discharges if the seat of stimulation is locally cooled. The 
result is remarkable inasmuch as although the condenser current is 
presumably of very short duration the tissue behaves to it as it does to 


galvanic currents of longer duration (‘005” and onwards). Hence the | 


difficulty previously noted in obtaining definite results with galvanic 
currents of 002” duration cannot be interpreted as the universal 
characteristic of the response to brief electrical currents. The similarity 
in the behaviour of the nerve to condenser discharges and galvanic 


1 Journal of Physiology, vol. xx. p. 265, 1896, 
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currents of a duration of 005” onwards, is rendered still more inex- 
plicable when contrasted with the result of experiments with the 
induced current.” 


So far from being inexplicable the similarity is aivedls reasonable. 
Small condensers give short stimuli, large condensers give long stimuli. 
It is clear however that Gotch and Macdonald did not appreciate 
this effect of varying capacity upon rate of discharge, nor the value of 

the condenser as an accurate means of varying the duration of a 
stimulus, nor the effect of an additional resistance upon the rate of 
impact of an electrical stimulus. Discharge from their condenser of 
0°5 mf. cannot have been other than “long” in relation to nerve. 
_ With the voltages they employed, and a total resistance of (7) 150,000 
ohms in circuit, their values come out as follows :— 


Capacity | Pressure Quantity Energy Rate Time # 


0°5 mf. 0°264 0°132 0°174 3°85 0°0413 sec. 
to to to to 


0°396 0-198 0°392 5°77 
i.e. the stimulus they used was “long.” 


Note. 

Quantity (in microcoulombs)  =FV (in microfarads and in volts) 
Energy (in ergs) =5FV? 

Numerical value of energy curve =868700 


(resistance in ohms) 
Time of fall of energy to } its original amount =0°693 FR 
(in millionths of 
& second) 


Observations on the chemistry of nerve-degeneration. By 
F. W. Morr, and WAKELIN Barratt. 


[Abstract] 


In a previous observation by one of us (F. W. M.) a spinal cord was 
taken, split longitudinally into two halves and the ether extract on the 
two sides compared. It was found that on the degenerated side there 
was more water and more fat and that the appearance of the ether 
extract on the degenerated side was different from that on the sound 
side. The phosphorus was estimated and was found to be less on the 
degenerated than on the sound side, but there seemed to be some 
mistake either in the calculation or the mode of examination for the 
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following reason, namely that in a normal cord the amount of phos- 
phorus was found to be greater. In fact these figures must be wrong, 
and as one of us has been for two years engaged in estimating the — 
phosphorus present in the brain, the two following observations were 
made which agree in principle with the above though giving different 
figures. These observations were undertaken with the object of in- | 
vestigating more accurately the changes in chemical constitution of 
nerve tissue occurring in degeneration, and were made upon spinal a 
cords from two cases of cerebral hemiplegia in which cord degeneration 
occurred. 

Each cord was divided longitudinally into two halves along a mesial 
antero-posterior plane. These halves after drying were extracted with | 
ether, and then the extracts and residues were dried separately and | 
their combined weights compared with the original weights of the half 
cords. The extracts and residues were then fused with caustic soda 

and the amount of phosphorus present determined. 

In the first cord the ethereal extract was found to be relatively 
increased on the side of the paralysis, but the percentage of phosphorus 
present was notably diminished. The percentage of phosphorus was in 
fact diminished on both sides, but chiefly on the paralysed side. The 
increase in ethereal extract on the affected side is attributable partly to 
fatty degeneration of proteid material (axis-cylinder) comparable to the 

fatty change occurring in muscle, and is partly relative, due to actual 
disappearance of the solid constituents of nerve tissue. On the para- 
lysed side the ether extract was dark yellow like melted butter and 
crystallised scarcely at all; on the opposite side the ether extract was 
light yellow and yielded large crystals. In degeneration of nerve tissue 
protagon splits up into glycerophosphoric acid, stearic acid and choline, 
and the stearic acid radical unites with the glycerine left behind to 
form a neutral fat. This is the generally accepted explanation, and is 
supported by the results just given. 
In the second cord similar but less marked changes were found; 
this cord was complicated by the existence some time previously of 
a hemiplegic attack involving the opposite side. There was a diminu- 
tion in the percentage of phosphorus present in the ethereal extract on 
the side of the paralysis but not so marked as in the first case. The 
amount of fatty material present was increased on the paralysed side 
as in the previous case, but a still greater increase occurred on the 
opposite side, thus contrasting with the condition in this respect of the 
first case and presumably due to the preceding opposite hemiplegia; 
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nevertheless in spite of this the percentage of phosphorus in the 
extract, as just mentioned, was diminished on this side, the difference 
_ however being less than in the first case. There was a diminution 
in the percentage of phosphorus in both half-cords, greater on the 
paralysed side, but not so marked as in the first cord. There was 
rather more than half per cent. less water on the paralysed side. The 
appearance of the ethereal extract was the same on the two sides. 
Sections of the two spinal cords stained by Marchi’s method were 
exhibited. 


Note on the Influence of Temperature on the Monophasic 
Variation of Muscle. By J. BurpoN-SANDERSON. 


It is well known that the lift of a lightly loaded muscle when excited 
by an instantaneous stimulus is much diminished by cooling from 
ordinary room-temperature (16° C.) to 8°C. or 10°C. Kaiser’s method 
renders it possible to show experimentally that the greater lift of the 
warm muscle is due to overshoot, z.e. that the difference is apparent 
only. When the muscle is excited by a similar stimulus under 
wometric conditions the maximum tension is found to be greater at 
10°C. than at ordinary temperature. And likewise when a heavily 
loaded muscle is allowed to contract under isotonic conditions its lift is 
greater at 8° C. than at 16°C. This however cannot be taken to imply" 
that the functional activity of the muscle is greater in cold, since 
in tetanus under isometric conditions, cooling has no influence in in- 
creasing tension and seems rather, according to Gad and Heymanns, 
to diminish it. Observations of our own on heavily loaded muscles 
seem to indicate that such diminution of the tetanus-tension by cooling 
may be due to the unequal operation at different temperatures of 
exhaustion. With practically unloaded muscles (contracting under 
isotonic conditions) the lift, ie. the contraction-length, is quite un- 
affected by temperature (tracings shown), but this statement also only 
applies to muscles before they have become fatigued. In short, there 
is, so far as I know, no evidence that the increased duration of the 
‘twitch’ produced by cold is associated with increased effort. 

In referring to the influence of temperature on the monophasic 
variation of the curarised Sartorius in my recent paper in the Journ. of 
Phys. (XX. p. 325) it has been pointed out to me that I used words 
implying that the intensity of the electrical response is increased by 
cooling. The purpose of the present communication is to show that, 
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although (especially in kept muscles) the excursion of the electrometer 
is so much more ample than at ordinary temperature, this cannot be 
attributed to greater difference of potential, but only to increased 
duration of the electrical change at the proximal contact; that the 
potential-curve of the variation, though its maximum is no higher, is 


wider. 


Further observations made since the paper was published have 
shown that in every instance investigated, the greatest inclination on 
the ascending limb of the photographic curve is the same for the same 
muscle, at temperatures from 14°C. to 18°C. as at temperatures from 
8° C. to 10° C., and that the variation curve instead of descending rapidly - 
from its summit, as at warmer temperatures, remains longer in the 
neighbourhood of its maximum in the cold, descending more gradually. 

The observation of the electrical response to an instantaneous 
stimulation therefore affords no reason for doubting the correctness of 
the inference derived from observations -on the mechanical effects of 
such excitation, viz.:—that the apparent increase of effect which cold 
produces, is not dependent on increase of ‘energy’ in the sense in which 
that word was used by Helmholtz. 


Abnormal conditions of the circulatory system of the frog. . 
By H. Wittoveusy Ly ez, M.B. 


In a frog (Rana temporaria) which was being used for class experi- 
ments, it was found that on removal of the sternum, two pulsating organs 


_ were to be seen, and each appeared to be surrounded by its own pericar- 
dium. The smaller pulsating organ was situated in the normal position 


of the heart; the larger one was lying under the floor of the buccal 
cavity, just behind the right half of the mandibular arch. Contractions 
of the smaller organ preceded those of the larger, and there was no 
pause observed between the contractions of the two. 

The pericardium was then opened longitudinally, and it was found 
that what appeared to be two distinct pericardia was really a single 
cavity with a slight transverse constriction; the pericardial cavity 
contained a single heart which appeared to consist of four distinct 
parts lying in the position as indicated in the accompanying figure. 

The sinus venosus was a thin-walled sac, round in shape, lying just 
in front of the liver; it received posteriorly the posterior vena cava, and 
mid-dorsally a small vein formed by the junction of the right and left 
pulmonary veins. In front of the sinus venosus was a chamber, oval 
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in shape and with thicker walls than those of the sinus venosus; the 
colour and shape of this accessory chamber resembled that of the 
ventricle; the sinus venosus opened into it on its posterior aspect, and 
it opened into the auricles anteriorly; there were no blood-vessels 
connected with this chamber. When this accessory chamber was 
opened, an incomplete septum was discovered running in a longitudinal 
direction. The next chambers in order were the auricles; externally 
there was no sign of a depression to indicate that there were two; on 
dissection, however, an incomplete interauricular septum was found 
which was continuous with the septum in the preceding chamber. 


The walls of the auricles were normal in thinness; opening into the - 


right auricle was the right anterior vena cava, and opening into the 
left auricle was the left anterior vena cava. The two auricles opened 
into the single ventricle which lay with its apex pointing forwards, and 
to the right towards the right half of the mandibular arch, The 
truncus arteriosus came off from the left side of the ventricle near 
the left part of the auriculo-ventricular septum, it ran forwards and 
towards the middle line where it divided into right and left branches 
as usual, and these again into the three aortic arches, the carotid, the 
systemic and the pulmocutaneous. The slight external constriction in 
the pericardium corresponded with the junction of the accessory chamber 
and the auricles; there was, however, no constricting band pressing 
upon any part of the heart. The larger part of the heart was lying 
forwards and to the right, beneath the buccal cavity. 

The lungs, the pulmonary arteries and veins appeared to be smaller 
than usual; on the other hand the cutaneous arteries and veins were 
large and engorged with blood, and it appeared as if the main part 
of the respiratory process was carried on by the skin. © 

The anterior abdominal vein was formed normally by the union 
of the two pelvic veins, and divided as usual into right and left 
branches to enter the right and left lobes of the liver respectively. 
The renal portal veins were also formed in the usual manner, and the 
left one entered the outer side of the left kidney, but the right one 
divided into three branches, one to the outer side of the right kidney, 
a second branch crossed the kidney dorsally, and the third branch 
crossed the kidney ventrally; both these latter opened straight into 
the posterior vena cava. ae 

The other abnormal conditions observed were, that the head was 
broader than usual, probably due to the fact that it contained the 
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larger portion of the heart, the right testis was normal in size, but the 


left one was only about a quarter of its proper size. 

_ When the specimen was fresh, the contractions of the heart were 
observed to commence at the sinus venosus and travel in a peristaltic 
manner over the accessory chamber, auricles and ventricle, the con- 
tractions of the various parts following each other without any pause, 
but after the frog had been kept in a moist chamber for 24 hours, it 


was observed that the sinus venosus and accessory chamber contracted 


- five or six times before the auricles would contract at all, and it 


appeared as if the accessory chamber were filling up the auricles so 
that an auricular systole might be brought about; when, however, they 
did contract, the ventricular systole rapidly followed. 


\ 
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A clamp was introduced between the sinus venosus and the acces- 
sory chamber, with the result that the sinus venosus continued to 
contract, but the accessory chamber, the auricles and ventricle rested. 
A second clamp was then introduced between the two auricles and the 
ventricle, with the result that the accessory chamber and auricles still 
rested, but the ventricle commenced to contract rhythmically. 

The accessory chamber presented the appearance of a ventricle in 
shape, thickness of walls and in colour ; indeed before the dissection was 
performed, the heart appeared to be a double one. Professor Hughes 
of King’s College, to whom I showed the specimen, suggested that there 
may have been some transverse band pressing upon the walls of the 
_ auricles, and that the accessory chamber was simply # portion of the 
two auricles with hypertrophied walls to overcome the obstruction ; 
there were no signs, however, of any fibrous band in the pericardial 
cavity, and the slight constriction seen externally in no way involved 
the heart. 

Another possible suggestion is that during development the two 

primitive hearts had united lengthwise instead of side by side. 


Preliminary account of the physiological action of choline 
and neurine. By F. W. Morr, M.D., F.RS. and W. D. Hatiipurton, 
M._D., FBS. 


(Third Communication.) 


In the two communications which precede this’, we have shown 
that cerebro-spinal fluid from cases of General Paralysis of the Insane 
contains choline, and that the fall of arterial blood pressure that takes 
place when the fluid is injected into animals is due to this substance. 
This base is absent from normal cerebro-spinal fluid, and is doubtless 
in the pathological fluid derived from the disintegration of lecithin in 
the cerebral tissue. The proof that the base is choline rests partly 
on its chemical identification in the fluid, and partly on the identical 
action which the fluid has with weak solutions (0°2 per cent.) of choline 
or choline hydrochloride. 

The closely related and much more toxic base neurine is absent. 

In the case of choline, the fall of blood pressure is produced by 
vascular dilatation especially in the intestinal area. Contrary to 


1 Proc. Phys, Soc. Feb, 18, 1897; Feb. 12, 1898. 
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expectation the spleen does not participate in this dilatation, but is con- 
stricted ; this constriction is followed by an increase of the normal splenic 
waves, It seems probable, that the material in extracts of brain which 
Schafer and Moore’ found to produce the same effect is choline. 
Neurine produces a much more intense constriction of the spleen, but 
no exaggeration of the splenic waves follows. The action of the base on 
the intestinal blood vessels is due to its action on the neuro-muscular 
mechanism of the blood vessels themselves, This was demonstrated by 
locally bathing the mesenteric vessels with solutions of choline; and by 
the fact that choline still continues to produce the usual fall of arterial 
pressure, (1) after the spinal cord has been divided high up; (2) after 
the splanchnic nerves have been cut; and (3) after the animal has 
been poisoned with nicotine; the inst method excludes any action of 
peripheral ganglia. 

Neurine produces a fall of blood pressure (chiefly due to its action 
on the heart): this is followed by a rise of pressure due to constriction 
of peripheral vessels. Using the same methods as in the investigation 
of choline, this is not an action on the central nervous system. The 
constriction of the vessels is, however, probably due to the action of the 
base on the peripheral ganglia, for after nicotine poisoning it does not 
occur. 

The animals used have been dogs, cats, and rabbits. These were 
always ansthetised with ether, chloroform or A.c.E. mixture; in some 
cases they also had a subcutaneous injection of morphine. If, however, 
a small amount of atropine is mixed with the morphine, the effect of 
choline is always a rise of blood pressure; the lever of the intestinal 
oncometer also rises. We are not at present prepared to offer an 
explanation of this fact; it is not, however, without importance as 
showing how one poison may modify the action of another, and its 
bearing on General Paralysis will be pointed out in our full paper which 
we hope to publish shortly. 


Chemistry of reticular tissue. By M. Curistine Tess. 


The fibres of reticular or retiform tissue are anatomically continuous 
with, and histologically identical with, the white fibres of connective 
tissue. According to Siegfried they are however chemically different, 
for they yield not only gelatin, but also a new substance he has named 
reticulin. | 

1 Journ. of Physiology, xx. p. 26. 1896. 
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On the supposition that Siegfried’s statement is correct, the 
answer to the difficulty appeared to be, that reticulin is not specially 
characteristic of reticular fibres, but is present in‘all white connective 
tissue fibres. Accordingly search was made for reticulin in tendon; 
the method used was the same as that adopted by Siegfried in his 
investigation of the reticular tissue of the intestinal mucous membrane. 
The result was entirely negative. 

The only other suppositions that remained were either that 


reticular fibres are chemically different from white connective tissue 


fibres, or that the new substance reticulin does not exist. So far as 
the research has at present proceeded, the second of these two 
suppositions appears to be the correct one. A careful examination of 
the reticular tissue of the intestinal mucous membrane has been made, 
and up to the present no reticulin has been obtained. Full details will 
be published later. 
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_ On the permeability of animal membranes to gases in 
solution. By LEONARD HILL, M.B., assisted by H. E. RipEwoop. 


(Preliminary Communication.) 


N. Zuntz’ ligatured the bronchus of a frog’s lung and hung the 
same in an atmosphere of carbon dioxide. He found that the lung 
became quickly distended with gas. He states that carbon dioxide 
owing to its high absorption-coefficient for water diffuses into the 
lung about 45 times as quickly as the atmospheric air diffuses out. 

It struck me that the frog lung might possibly be used as a 
tension-meter for carbon dioxide. As a preliminary experiment I 
investigated the effect of soda water on the frog lung, and thus opened 
up the present research. | 


A. Carbon diowide and carbonic acid water. . 

Ewp.1. Two collapsed frog lungs were tied one to either end of a glass 
tube. In the middle of the tube a short column of water was placed 
so as to act as an index. On placing one lung in an atmosphere of 
carbon dioxide and the other in air, I observed that the former 
expanded and that the water index was driven over towards the lung 
immersed in air. At the same time I found that the lung, so great 
is its extensibility, will rather expand than lift a column of water 1 cm. 
in height. and 

Exp. 2. I sunk a toad’s lung (bronchus tied) in soda water by means 
of a lead weight. The soda water was contained in an open burette. 


1 Arch. fiir die ges. Physiol, Bd, xum. p. 411. 1888, 
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The lung blew out with gus and in less than a minute came sailing up as 
a balloon to the top of the burette. Having reached the upper surface 


the lung discharged some of the CO, and after a time sank to the — 


depths and became recharged anew. The lung thus acted to the soda 
water as a CO, discharger. The lung remained in the same soda water 
for four weeks, and at the end of this period was still partly distended 


_ with gas. (This shows the extreme slowness with which CO, diffuses 


from a column of water.) As week by week the tension of the gas 
in the soda water declined, the quantity of gas in the lung diminished 
and water penetrated within it. Finally, on adding fresh soda water to 


the burette, the lung again blew out with gas and the water within 


was thereby entirely expelled. 


Eap. 3. I removed a CO,-charged lung from soda to tap water; 
the lung speedily collapsed. 3 

Exp. 4. I next sought. to determine whether the permeability of 
the lung to CO, was altered by destroying its vitality. 

(a) The addition of chloroform te the soda water did not hinder 
the phenomenon. 

(b) A scalded lung became rapidly distended with CO, when 
placed in soda water. 


(c) Hardening the lung, in a saturated solution of perchloride 


of mercury, in methylated spirit, in formol, did not abolish the 


permeability. The last two diminished it. 


(dq) On strongly acidulating the soda water with hydrochloric acid 
the permeability was, if anything, increased. — 


(e) After the lung had for three minutes been treated with 


5 pc. KOH the permeability was almost but not entirely abolished. 


Eap. 5. The next experiment was devised with a view to seeing 
whether the lung was more permeable in one or other direction. 

Two collapsed lungs were taken and one was turned inside-out. 
The bronchi of both were tied. On placing these in soda water, the 


inside-out lung did not blow out with gas, while - normal lung 
quickly became expanded. 


Exp. 6. Thinking that the normal lung might contain more air > 


and thus influence the result, I took two fresh lungs, one being turned 
inside-out. These were first distended with air and then placed in soda 
water; in this case both became distended with CO, The greater the 
preliminary expansion the more rapid was the entry of CO,. 
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Exp. 7. . Taking two more lungs, one inside-out, I filled these but 
not to distension with boiled water (gas free) and displaced the air 
from within. This was done to eliminate the influence of the’ air. 
On placing these in soda water the result was as follows. The amount 
of water in the normal lung was first increased, then there slowly 
appeared at the top a bubble of gas. This grew larger, and as it grew 
the process of gas-expansion accelerated. | 

Finally, after the addition of some fresh soda water to maintain the 
tension of the gas’, the whole of the water was displaced and the lung | 
became distended with gas. The inside-out lung, on the other hand, 
did not blow out with gas. These experiments, which have been 
repeated several times, suggest that the collapsed lung is permeable 
to CO, from pleura to bronchus but not in the opposite direction. The — 
expanded lung on the other hand is permeable in both directions. 


Eap. 8. The last experiment proves that air within the lung is 
not necessary for although it favours the process of expansion in soda 
water. As the water-filled lung becomes expanded with CO, the faster 
the gas seems to enter. In order to eliminate the influence of air in 
another way, I washed out lungs, some turned inside-out and others 
normal, with CO, vapour and then distended them with the same gas. 
These lungs, when sunk in soda water, became still more distended 
and this happened with great rapidity. Expansion of the membrane 
seems therefore to be a factor of great importance. Filling the lung 


with water delays the expansion by reducing the surface or skin 


exposure. 

The lungs in all these experiments expand to a certain size, but 
do not burst. 
At a certain expansion the leak of gas must become as fast as its 
entry. 


Exp. 9. Considering that the surface exposure owing to the air- 
cells is perhaps very different in the normal and inside-out lungs, the 
next experiment was carried out on frog’s skin. 

A normal skin-bag and one of equal size but turned inside-out were 
compressed and emptied of air. On placing these in soda water both 
became expanded, but the permeability was greater from the inner 
to the outer surface of the skin, than in the opposite direction. In 
other words the inside-out bag blew out the quickest. 


1 This process will only go on at high tension. | 
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The lung blew out with gus and in less than a minute came sailing up as 
a balloon to the top of the burette. _ Having reached the upper surface 
the lung discharged some of the CO, and after a time sank to the 
depths and became recharged anew. The lung thus acted to the soda 
water as a CO, discharger. The lung remained in the same soda water 
for four weeks, and at the end of this period was still partly distended 
with gas. (This shows the extreme slowness with which CO, diffuses 
from a'column of water.) As week by week the tension of the gas 
in the soda water declined, the quantity of gas in the lung diminished 
and water penetrated within it. Finally, on adding fresh soda water to 
the burette, the lung again blew out with gas and the water within 


was thereby entirely expelled. 


Eap.8. I removed a CO,-charged lung from soda to tap water ; 
the lung speedily collapsed. : 


Eap. 4. I next sought to determine whether the permeability of 
the lung to CO, was altered by destroying its vitality. 

(a) The addition of = to the soda water did not hinder | 
the phenomenon. 


(6) A scalded lung became rapidly distended with CO, when 
placed in soda water. 

(c) Hardening the lung, in a saturated solution of perchloride 
of mercury, in methylated spirit, in formol, did not abolish the 
permeability. The last two diminished it. 

(d) On strongly acidulating the soda water with hydroghlaeio acid 
the permeability was, if anything, increased. — 

(e) After the lung had for three minutes been treated with 
5 pc. KOH the permeability was almost but not entirely abolished. 


Exp. 5. The next experiment was devised with a view-to seeing 
whether the lung was more permeable in one or other direction. 

Two collapsed lungs were taken and one was turned inside-out. 
The bronchi of both were tied. On placing these in soda water, the 


inside-out lung did not blow out with gas, while the normal lung 
quickly became expanded. 


Eap. 6. Thinking that the normal lung might contain more air 
and thus influence the result, I took two fresh lungs, one being turned 
inside-out. These were first distended with air and then placed in soda 
water; in this case both became distended with CO, The greater the 
preliminary expansion the more rapid was the entry of CO,. 
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Exp. 7, . Taking two more lungs, one inside-out, I filled these but 
not to distension with boiled water (gas free) and displaced the air 
from within. This was done to eliminate the influence of the’ air. 
On placing these in soda water the result was as follows. The amount 
of water in the normal lung was first increased, then there slowly 
appeared at the top a bubble of gas. This grew larger, and as it grew 
the process of gas-expansion accelerated. 

Finally, after the addition of some fresh soda water to maintain the 
tension of the gas', the whole of the water was displaced and the lung 
became distended with gas. The inside-out lung, on the other hand, 
did not blow out with gas. These experiments, which have been 
repeated several times, suggest that the collapsed lung is permeable 
to CO, from pleura to bronchus but not in the opposite direction. The | 
expanded lung on the other hand is permeable in both directions. 


Exp. 8. The last experiment proves that air within the lung is 
not necessary for although it favours the process of expansion in soda 
water. As the water-filled lung becomes expanded with CO, the faster 
the gas seems to enter. In order to eliminate the influence of air in 
another way, I washed out lungs, some turned inside-out and others 
normal, with CO, vapour and then distended them with the same gas. 
These lungs, when sunk in soda water, became still more distended 
and this happened with great rapidity. Expansion of the membrane 
seems therefore to be a factor of great importance. Filling the lung 
with water delays the expansion by reducing the surface or skin 
exposure, 

The lungs in all these experiments expand to a certain size, but 
do not burst. 

At a certain expansion the leak of gas must become as fast as its 
entry. 7 


Exp. 9. Considering that the surface exposure owing to the air- 
cells is perhaps very different in the normal and inside-out arte 8 the 
next experiment was carried out on frog’s skin. 

A normal skin-bag and one of equal size but turned inside-out were 
compressed and emptied of air. On placing these in soda water both 
became expanded, but the permeability was greater from the inner 
to the outer surface of the skin, than in the opposite direction. Ih 
other words the inside-out bag blew out the quickest. 


1 This process will only go on at high tension. | 
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Exp. 10. The difference in permeability between inside-out and 
normal lung or skin-bags was, I found, not abolished by scalding. 


Eap. 11. I took fragments of mammal’s and bird’s lung. These 
became rapidly blown out in soda water. Their permeability was not 
affected by scalding. The lung and air-bag of the snake and the 
air-bag of the bird behaved in the same way. 


Exp. 12. I found that collapsed bags of mesentery, urinary bladder 
and intestine when sunk in soda water were not readily distended. 
They become however more distended in soda water after being first 
blown out with air. Expansion apparently increases the permeability 
of these membranes to carbon dioxide. : 

Eap. 13. A frog lung was placed in a solution of sodium bicar- 
bonate. No expansion occurred. On adding hydrochloric acid the 


lung blew out. On then adding sodium carbonate, the lung rapidly 


collapsed, 

_ Kap. 14, The lung of a toad was placed in a closed flask freshly 
filled with soda water from a syphon. The flask was connected with a 
Hg pressure apparatus, 

In one case it required a + pressure of about 86 cm. Hg to stop the 
expansion of the lung, in another case a + pressure of about 97 cm. Hg. 

On filling the flask with staler soda water which had ceased to 
bubble, I found that the expansion of another lung was prevented by a 
pressure of 39 cm. Hg. 

I have not yet very accurately determined the amount of CO, in 
the water in such an experiment, but the observations so far as they go 
suggest that the CO, escapes from the water into the lung with a 
pressure that varies directly as the amount of gas in solution. 


Example—soda water estimated to contain 84 p.c. CO,, pressure 


required to prevent expansion = + 73 cm. Hg. 


Exp. 15. Icing the soda water delayed, while warming accelerated 
the expansion of the frog’s lung placed within it. 


B, Hydrogen perowide water. 


Exp. 1. I found that lungs became distended with the utmost 
rapidity when placed in a solution of hydrogen peroxide, The contact 


with the fresh tissue set free the oxygen. The lungs remained expanded 
in the same solution for weeks. 
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On examining under the mictoscope a lung sunk in hydrogen 
peroxide the expansion could be observed. Bubbles were set free from 
the outside of the lung, but the gas could not be observed passing 
through as bubbles. 


2. I filled inside-out and normal lungs with boiled (gas free) 
water; both became rapidly blown out in hydrogen peroxide. The 
water was displaced by the gas. The inside-out lung was, considering 
its smaller superficial exposure, blown out with great rapidity. The 
water filling did not delay the expansion so much as in the case of 
soda water. 


Exp. 3. I filled inside-out and normal skin-bags with boiled 
water; both were blown out with oxygen when placed in hydrogen 
peroxide. The normal skin appeared to be decidedly the more 
permeable, i.e. oxygen passes most readily from without in. 

The gas passed under the scarf skin of the normal bag. Raising 
great bullae there, it compressed and emptied of water the inner layer 
of the skin-bag. 


Exp. 4. Scalding, I found, stopped the hydrogen peroxide pheno- 
mena in so far as the scalded tissue did not decompose the solution, 

If however a pinch of black oxide of manganese were added to 
the solution, the scalded lungs and erat blew out with gas as 
before. 


Exp. 5. I next placed a bag of intestine in hydrogen peroxide. 
The gas penetrated the external coat and, stripping off the mucous 
membrane, compressed this. 

In the case of skin and intestine oxygen gas seems to be most 
permeable through the external layer, 1.¢. as far as the capillaries, 


Exp. 6. I placed a lung in a flask of hydrogen peroxide and 
connected this with the Hg pressure apparatus. Owing to the bursting 
of my rubber pressure tubing I have not yet succeeded in reaching the 
pressure required to stop the expansion of the lung in hydrogen peroxide. 
The pressure required must be above three atmospheres. 


C. Oaygen and oxygenated water, 
Eap.l. A collapsed lung, I found, did not expand in an atmosphere 
of oxygen, nor in water through which oxygen was bubbled. It quickly 
expanded when CO, was bubbled through water. 
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Exp. 2. A lung was placed in whee and this was shaken up with 
oxygen, the gas being at a pressure of three atmospheres, The lung 
became distended but not greatly when the flask was opened and the 
gas allowed to bubble off. The solubility of oxygen in water is very 

small compared with that of carbon dioxide. | 


D. Sulphurous acid. 


Exp.1. Neither lung nor skin-bags seemed to be readily a 
by SO, There occurred a very slight expansion when this gas was 
bubbled through water. After the treatment with sulpburous acid the 
bags were as permeable as ever to carbon dioxide. The solubility of 
SO, in water is very great’. 


E. Hydrogen. 


Exp. A lung was placed in dilute sulphuric acid and zinc was 
added. Although hydrogen gas was given off very freely, the lung 
underwent but slight expansion. The same lung on being placed in 
soda water expanded to a much greater degree. 


F. The behaviour of bags made of thin india-rubber membrane. 


Eap. I found that thin rubber bags expand rapidly (a) in soda 
water, (6) in hydrogen peroxide after the addition of black oxide of 
manganese, (c) in sulphurous acid: this is in sharp contrast to animal 
membranes ; (d) in solutions evolving hydrogen. 

A rubber bag filled with boiled water behaved as a lung similarly 
treated. When placed in soda water the gas entered and turned out 
the water. 


GENERAL CONCLUSIONS. 


-1. A membranous bag sunk in water holding a gas in solution 
offers a skin or surface of exposure from which, if the membrane be 
permeable to it, the gas is set free. By such means gases may be 
separated from solutions. : 

If two gases be within a membranous bag and one be more soluble 
in water, then on placing the bag in water the soluble gas will, by passing 
out into solution, be separated from the other. 


1 Solubility at 40°0. CO, 1; 0 08; H -067; SO, 49. 
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2. The expansion of a membranous bag, by increasing the surface 
exposure and thinning the membrane, accelerates the rate with which 
the gas permeates within it. : 

3. The fluid pressure required to prevent the expansion of a 
permeable bag of animal membrane suggests that the gas in solution 
exerts its full osmotic pressure, ¢.g. if 100 vols. water contain in solution 
100 vols. CO, the pressure exerted by the gas is equal to 1 atm. 

) 4. There is some evidence to show that animal membranes exhibit 
a preferential permeability to certain gases. They are most permeable 
i to oxygen from without in, to carben dioxide from within out. 
5. The permeability is a physical and not a vital property of the 
membranes. 
6. The experiments with hydrogen peroxide are suggestive, for 
they show how pressure can be produced by chemical decomposition on 
J | one side of an animal membrane. | 


I am greatly indebted to Prof. W. Ramsay, and Mr F. J. M. Page, 
for suggestions and help in the course of this enquiry. 


On the action of extract of pituitary injected intravenously. 
By E. A. ScHAFER and SWALE VINCENT. 


4 Oliver and Schafer’ showed that extract of 
pituitary produces a marked rise of blood-pressure which is maintained 
for many minutes, when intravenously injected, the rise being due both 
to contraction of arterioles and to augmentation of heart beats: thus 
| differing from extracts of most glands with the exception of suprarenal. 
if ' Howell’ has since shown that this effect is produced solely by the 
infundibular part of the pituitary and not by the hypophysial part. 
He further found that glycerine extracts of the infundibular part of 
y the sheep’s pituitary produce not only an immediate rise of blood- 

_ pressure, which is greatly prolonged (with a sufficient dose for half 
an hour or more) but that the rise is accompanied by slowing of the — 
pulse*; which persists, although to a less marked extent, even after 
Y section of the vagi. Howell also observed that the result of one dose 
is to annul the action of a second dose unless a very considerable time 
(half an hour or more) is allowed to elapse. 


1 Journ. of Phys. xvi, 1895. 
2 Journ. Exp. Medicine, m1. 1898. 
§ Noted also by Cyon (Pfliiger’s Archiv, uxx1. 1898). 
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We have used ox pituitary, in which it is easy to separate the | 
infundibular part from the rest, and can with certain reservations — 
confirm Howell’s statements. To them. we have to add (1) that the - 
active principles dialyse through parchment paper, (2) that there are 
at least two active substances in the decoction « or glycerine extract 
having distinct physiological actions. 

Of these two substances the first produces, as Oliver and Schafer 
showed, a simple rise of blood-pressure caused by contraction of 
arterioles (investigated by us in the splanchnic area) not very dissimilar 
to that caused by extract of medulla of suprarenal. This rise may be 
uncomplicated by the slowing of the pulse described by Howell: but 
whether this means that the slowing is produced by another material 
which is sometimes absent, or whether, as we are inclined to believe, 
the slowing is only caused indirectly by the reflex effect which rise 
of arterial pressure always produces with intact vagi or by the con- 
striction of vessels in the medulla oblongata and in the cardiac muscu- 
lature, we are at present unprepared to decide’. That the rise of 
arterial pressure is produced by a peripheral action upon the arterioles 
is evident from the fact that in mammals it occurs after section of the 
cord and that in frogs when the decoction is added to Ringer’s solution, 
which is being perfused through the vascular system (the central nervous 
system having been destroyed), the flow is markedly diminished’. After 
injection of atropin the rise of arterial pressure caused by intravenous 
injection of the extract is enormously increased, and there is no accom- 
panying slowing of the pulse*. The chief difference between the action 
of this first substance and that of suprarenal extract is found in the 
‘fact that a second dose of pituitary, if administered soon after the first, 


1 Cyon (Pfliiger’s Archiv, uxxit, 1898) ascribes the slowing (and increased action) of 
the heart to a stimulation of the hypophysis by the injected extract, and gives the same 
reason for the effect produced by suprarenal extract upon the heart (Pfliiger’s Archiv, 
Lxxrv. 1899). For various reasons we are inclined to regard this explanation as impro- 
bable. Cf. on this subject Biedl and Reiner, Pfliiger’s Archiv, txxm1. 1898. Cleghorn 
(Amer. Journ. Physiol, m1. 1899) has obtained slowing of the isolated mammalian heart on 
perfusion of the ‘‘infundibular ” extract. 

2 Oliver and Schafer, loc. cit. . 

3 Cyon (Pfliiger’s Archiv, uxxu. 1898) obtained slowing after atropin, but the 
difference is probably one of relative dosage. We have used for a cat (weighing 8 kilogr.) 
12 milligrammes of atropin ; after this dose 1 c.c. of a 5 p.c. decoction of the infundibular 
part of the pituitary, produces no slowing of the pulse, but a rise of blood-pressure 
comparable to that caused by suprarenal extract (cf. Oliver and Schafer, Journ. of 
Phys. xvi. p. 230 seq. 1895). According to Cyon a pituitary decoction can antagonize 
atropin and prevent its paralyzing . effect upon the inhibitory mechanism. 
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: usually fails to cause a rise of pressure. The substance which gee 
_-. rise of pressure is not soluble in absolute alcohol. 


The second active substance, which is always present, can be ex- 
tracted from the dry material by alcohol, and from the residue of the 
aleoholic extract by ether. If the ether be allowed to evaporate and 
the residue be extracted with normal saline, the resulting solution pro- 
duces a well-marked fall in arterial pressure, the effect being almost 
identical in its characters with that caused by cholin*. This depression 


is, however, obscured when the decoction or glycerine extract is injected, 
by the marked rise caused by the first substance : occasionally, however, 


the rise is preceded, as Howell has noted, by a slight fall. He does not 
note, however, a fact which comes out very clearly in our experiments, 


that although a single large dose of pituitary extract usually prevents for 


a long period of time any rise of pressure resulting from a second dose, 
it does not prevent a marked fall of pressure being produced by the 
second substance: indeed. this action can be obtained again and again 
at short intervals. 

We have made a few experimenta upon the effect of hypodermic 


injection of decoction of the infundibular part of the hypophysis. Our 


observations on this point, which are not yet completed, show a certain 
correspondence with the action of suprarenal extract*, quickened re- 
spiration, increased action of the heart and paralysis of the hind limbs 
being some of the symptoms observed. 

It is to be remembered that the infundibular part of the pituitary 
is mainly made up of grey nervous matter. Most observers (including 
Howell) have found no specific action to be produced by intravenous 
injection of extract of brain. We have obtained results which indicate 
a certain similarity of physiological action between nervous matter and 
the infandibular part of the pituitary (as is to be inferred from their 
similarity of structure), but how far this similarity extends we are 
not yet in a position to assert. So far as our observations have at 
present gone, they appear to indicate that there may be specific active 


substances in the infundibular part of the pituitary which do not 


usually occur in ordinary nervous matter. 


1 Cf. Halliburton and Mott, Proc. Phys. Soc., Journ. of Phys. xxi. xxtv. 1898 
and 1899. The second substance is not however cholin, for its perulets alter 


action 
of ‘whereas we find thet the of cholin is 
prevented by atropin. 

* Cf. Swale Vincent, Journ. of, XXII. p. 117. 1897. 
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By E. A. ScHAFER. | 


(Preliminary note.) 


The experiments have been chiefly carried out on the monkey: a 
few on the cat. They have consisted in attempts to establish lesions 
involving (a) hemisection, (b) section of the dorsal cerebellar tract on one 
or both sides, (c) section of the ventral cerebellar tract on one or both 
sides, (d) section of both dorsal and ventral cerebellar tracts on one side. 
It has not always been found possible to limit the lesion exactly to the 
tract intended to be severed, and adjacent tracts have to some extent 
participated in the severance, but as a rule to only a small extent. — 

Physiological results. Hemisection of the cord’. In the first few 
days complete motor paralysis of all parts supplied with nerves below 
the section. The limb or limbs on the paralyzed side swollen and warm 
(vasomotor paralysis, and lessened outflow of lymph) and the skin dry 
(diminution of sweat). Knee-jerk exaggerated. Sensation not lost on the 
same side as the lesion, but at first appears dulled. (There is a difficulty 
in arriving at a clear decision on account of the motor paralysis 
rendering the animal unable to move the limb.) After a few days, 
unmistakable signs of feeling and localising even a slight 
touch, and this long before the motor paralysis has passed off. The 
animals generally leave a clip on the skin of the paralyzed limb, but not 
always: this phenomenon usually lasts until the return of movement iu 
the muscles of the limb. I have seen no sign of paralysis either motor 
or sensory on the side opposite to the hemisection in any case in which 
this has been strictly confined to the one half of the cord’. Sometimes 
the adjacent posterior column of the other half is injured, and in that 
event there is impairment of sensation for a time on both sides below 
the lesion, The motor paralysis at first complete becomes gradually 
incomplete and finally is difficult or impossible to determine. But 
purely voluntary movements are not recovered or but very imperfectly, 
although all the ordinary associated movements of the limb are re- 
covered. After about three or four weeks it is difficult to detect any 


+ It will be seen that my observations on this point agree generally with those of Mott 
(Phil. Trans. B. 1892) although my conclusions are somewhat different. Mott in my 
Opinion lays too much stress on the results of the clip test. 

* Ferrier and Turner (Brain, 1891) describe loss of sensibility in the opposite hind 
limb in the monkey. Brown-Séquard, as is well known, obtained this result in the 
rabbit. (See also Ferrier, Functions of the Brain, and Croonian Lectures, 1890.) 
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sort of paralysis, but the limb which has been paralyzed is thinner 
than the other. 

If the hemisection is made above the level of the 8th cervical 
nerves the pupil on the same side is relatively contracted and remains 
so. The dilator fibres and the pilomotor fibres in the cervical sym- 
pathetic do not degenerate but remain excitable. The pupil reacts to 
light and shade in spite of its being persistently smaller than the other. 
Excitation of the motor cortex of the opposite cerebral hemisphere 
produces as a rule no movements in the limbs which have been 
paralyzed, even if the associated movements have long returned. 

Lesions of the cerebellar tracts. Lesions of these tracts either 
together or singly have not produced any obvious symptoms’. Sensation 
and motion seem unimpaired and the pupil is unaffected. Even when 
some of the fibres of the pyramidal tract are involved in the lesion, no 
obvious symptoms are noticeable. 

Histological results. The chief object of these experiments has _ 
been to investigate the cellulipetal degenerations (chromatolysis of 
nerve-cells) resulting from severance of the tracts, and thus to ascertain 
the situation of the cell-bodies from which the nerve fibres take origin. 
Incidentally other observations are recorded. 

After hemisection the cells of Clarke’s vesicular column 
below the lesion undergo chromatolysis, and eventually (two 
or three months) almost completely atrophy. 

The atrophy of Clarke’s column is equally complete if the lesion is 
confined to the dorsal and ventral cerebellar tracts. 

The atrophy of, Clarke's column is much less complete if the lesion 
is confined to the dorsal cerebellar tract. (Probably also if confined to 
the ventral cerebellar tract, but in this I have not yet been successful.) 
No other cell-group below the lesion shows atrophic changes. It is 
therefore to be inferred that Clarke’s column gives origin not 
only to the dorsal cerebellar tract (tract of Flechsig) as shown by 
Mott’, but also to the ventral cerebellar tract (tract of Gowers). 

Clarke’s column has also an important relationship to the 
fibres of the pyramidal tract. After lesions involving these fibres, 
degenerated fibres are seen in large numbers passing from the pyramidal 
tract (below the lesion) towards Clarke’s column, curving round the 
ventral aspect of the section of that column and losing themselves as 
fine (probably branching) fibres amongst its cells. No degenerated 


1 Of. Mott, Brain, 1892. * Brain, 1890, 
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fibres are traceable from the pyramidal tract into the anterior 
horn or into any part of the grey matter other than the base 
of the posterior horn and Clarke’ 8 column. 


A note oi the sain of the administration of suprarenal 
gland by the mouth in health and disease. By O. F. F. 
GRUNBAUM. 


A little more than a year ago Prof. Schafer pointed out the 
hemostatic effect of suprarenal in epistaxis; during the last twelve 
months the extract has been used abroad to control the hemorrhage 
in operations in the nose and pharynx. It occurred to me that cases 
of hematemesis might be benefited by the administration of suprarenal 
extract, if the active principle were not absorbed sufficiently rapidly to 
cause a rise in blood-pressure, in which case the hemorrhage would 
not be controlled. 

With this object in view I made shiatvetions on my blood-pressure, 
before and after doses of pulverised suprarenal tabloids, the hemostatic 


properties of which had been tested. An Oliver's sphygmodyna- 


mometer was used, which although not correct absolutely, worked 
excellently asa comparative instrument. 

The doses taken were 10, 20 and 30 graius, the blood-pressure was 
taken every ten minutes for three hours after the dose, no cardiac 
stimulant vitiated the results of the experiments. In no case was 
there an appreciable increase in blood-pressure, te. an increase beyond 
that of experimental error which is 4 mm. Hg. 

Another series was carried out on a woman who at one time 
had given the impression of being afflicted with Addison’s disease. 
Her blood-pressure was normally 118 mm. Hg. when taking imitation 
suprarenal tabloids; on her being given 30 real tabloids representing 
120 grains of the fresh suprarenal gland daily, no rise in blood-pressure 
occurred, although the treatment was continued for over a week. 

In one case I have found a rise in blood-pressure on the adminis- 
tration of suprarenal ; that was in a case of a pregnant woman who had 
some pigmentation, vomiting, great muscular weakness, as shown by 
the ergograph, and a very low blood-pressure (no valvular disease) when 
admitted to the hospital. A rise from 75 mm. Hg. to 91 mm. Hg. was 
brought: about by the administration of suprarenal tabloids, which was 
not maintained on the omission of the doses of the gland. 

The negative result as regards the alteration of blood-pressure in 
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normal individuals seems to me to be of importance, since it makes it 
probable that suprarenal extract is an ideal hemostatic in cases of 
hemorrhage from the walls of the or canal or bladder. 


Apparatus to shew polar stimulation of muscle. By J. S. 
NEw. 


This consists of a small cork pulley on a spindle over which the 
muscle strip (curarised) is pinned down to the cork supports on either 
side. 

The cork support is grooved to receive the pulley and spindle so 
_ that the upper surfaces of the cork support are tangential to the surface 
of the pulley. 


The spindle is itself supported by two celluloid plates attached to 
opposite sides of the cork support. 

A light lever or mirror is used on a thie spindle to render the move- 
ments more evident. 

The muscle is stimulated by the pin electrodes which are used to 
hold it: a Pohl’s reverser and Daniell cell with key complete the 
circuit, | 
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3 Apparatus to shew longitudinal movements of the intestine. = | 
By J. 8. NEw. 


This consists of two glass tubes, the one sliding within the other. 

The free end of the outer tube is closed by a flat base: the free end 
of the inner is drawn down to a small neck over which is fitted a flexible 
‘ tube passing to a recording tambour. 


j Within the cavity common to both tubes is a weak spiral spring. 
This abuts by one end on the flat base of the outer tube and by the 
other on a cork washer pushed int» the end of the i inner tube. The 4 
sliding joint is made air-tight with oil. 

The apparatus is inserted into the intestine through an aperture in 
the free border. It is unaffected by contractions of the circular coat 
and records only movements of the longitudinal musculature. | 


Electromotive changes in peripheral end of cut vagus nerve 
contrasted with blood-pressure curves. By J. S. Macponacp. 


_ The movements of a mercury manometer are communicated eee 
means of a tambour to a mirror moveable on a vertical axis. 

The movements of mirror are photographed as, and at the same + 
time as, the movements of the galvanometric mirror. 

™ galvanometer is connected ies non-polarisables to the ai 
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end of cut vagus, or to the peripheral ends of both cut vagi arranged in 
parallel, 

The movements are photographed upon sensitive paper carried on 
the surface of a slowly travelling clock. 

The resulting two curves are in many cases parallel, in some the 
inverse of one another, in others no relation can be made out. 

Changes of blood-pressure variously produced may cause equal or 
proportional changes in the currents led off from vagus. 

To decide as to the nature of these changes control experiments 
have been made with currents led off from the carotid artery, and from 
recurrent laryngeal nerve. 

Incidentally confirmatory evidence has been obtained of the recently 
made statement that an inflation of the lungs leads to a negative 
variation in the vagus nerve. 

The research is incomplete. 


‘Vaso-motor effects on the small intestine produced by 
stimulation of the central end of the vagus. By J. L. Buncn. 


Stimulation of the central end of the divided intrathoracic vagus in 
the dog may produce either constriction or dilatation of the intestinal — 
vessels. In both cases there is usually a rise of general blood-pressure, 
but intestinal vaso-dilatation can also be obtained when the blood- 
pressure is maintained constant by Bayliss’ mercury-regulator. When 
both splanchnics are divided, stimulation of the central end of the cut 
vagus is not followed by dilatation of the intestinal vessels, and the 
effect is only with difficulty obtained when one splanchnic has been 
severed. If one vagus is left uninjured, and the central end of the 
other vagus is stimulated, the lever which is recording the plethysmo- 
graphic curve falls, owing to reflex cardiac inhibition, but if the 
previously intact vagus be then divided and the vagus of the opposite 
side strongly stimulated, a similar fall of the lever may result, though 
the effect is less marked. 

In the cat, excitation of the central end of the divided intrathoracic 
vagus causes as a rule dilatation of the intestinal vessels accompanied 
by fall of general blood-pressure; this effect is constant when the 
animal is under the influence of chloroform. The constriction of the 
intestinal vessels which is produced by asphyxia can only in the early 
stages of asphyxia be overcome by such stimulation of the central end 
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of the vagus, and, as this constriction becomes well marked, excitation 


of the proximal end of the divided vagus produces no effect’. 

In these experiments a simple gutta-percha box made air-tight by 
means of vaseline was employed to record the vaso-motor changes of 
the intestine. 


1 Cf. Bayliss. ‘‘On the Physiology of the Depressor Nerve,” Journ. of Phys. xxIv, 
p. 4. 1893, 
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A preliminary note on the occasional toxic action of horse | 
serum on the By L. Cossett. 


(From the Ca é Pathological Laboratory.) 


The following observations were made while I was examining the 
serum of presumably healthy horses for the presence of diphtheria 
antitoxin. 

-* Young guinea-pigs were injected subcutaneously, or rarely intra- 


»=peritoneally, with 1°0 c.c., or less frequently 20 cc. of serum, mixed 
. - sith varyihg quantities of diphtheria toxin. The effects of the serum 


under consideration being much more rapid than those of the toxin 


” were easily distinguished from the latter. In the case of serums | 


Nos. 13 and 17, no toxin was added. 
The serums of 17 horses were examined. Nos. 2, 9, and 13 were 


- obtained from the horse slaughterer, and may possibly have come from 


diseased animals. They were sterilised, when fresh, by means of a 
Berkfeld filter. Four came from horses undergoing immunisation to 
streptococci (two), Typhoid bacilli and Snake venom respectively. The. 
others from horses about to be used for the procuring of diphtheria 
antitoxin. All _ animals were apparently healthy. 


(a) Tosie effects of these serums. 


One (No. 17 Antivenom) ores fatal in doses of 1:0 cc. to all 
three animals injected. 

Another (No, 13) killed nine out of eleven animals which received 
20 c.c. Of the two guinea-pigs which survived, one was apparently 
unaffected, the other showed slight symptoms. A second injection of 
the same serum and a third of 1°0 c.c. of serum 17 produced the same 
result. Thus the susceptibility of individual guinea-pigs to the poison 
in question was found to vary greatly. 

This was strikingly confirmed by the fact that each of six other 
sera occasionally killed an animal (8 out of 76 in all) with rapidity— 
often within half-an-hour of a subcutaneous injection, while the rest 
of the guinea-pigs which received similar and often larger doses of ~ 
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these serums rarely showed any symptoms, and either recovered, or 
died in due course of the diphtheria toxin. 

The remaining serums caused no death among 70 sabouie injected, 
though a few of these received 5orevenl0c.c, | 

Therefore it would appear (a) that the toxicity of the serum 
of different (?) normal horses for guinea-pigs varies greatly, 
and (6) that the susceptibility of different individual sues a- 
pigs to the poison varies even more. 

The symptoms caused by these toxic sera, were restlessness and 
intense cutaneous irritation, twitchings and prostration, followed by 
spasms of the abdominal muscles like those of retching or coughing, 
and severe convulsions ending in a few seconds in death. The relative 
intensity of these symptoms varied somewhat with different serums.— 
With No. 17 (Antivenom) the cutaneous irritation was especially 
marked. Symptoms appeared often in a few minutes, death usually 
followed in 6—45 minutes; more rarely the animals were found dead 
next morning. The opportunity of observing the symptoms of these 
more chronic cases seldom occurred. Recovery sometimes took place, 
not often. 


On post mortem examination, the lungs were found greatly dis- == =| 


tended and did not collapse on opening the thorax or trachwa. The 
blood drawn from the heart immediately after death was fluid, normal 
in appearance, and clotted in the usual manner. No antemortem 
Intravascular clotting was found. The serum was free from hwmo- 
globin, nothing abnormal was found in the brain or other organs. 


(b) Nature of the towic action. 


The hemolysing action of these serums on guinea-pig’s blood was 
investigated. To a small quantity of blood suspended in 6°, salt 
solution, 10°/, fresh guinea-pig serum, and 2°5—5°/, of the horse serum 
in question was added, The tubes containing these mixtures were 
incubated at 30°C. and examined at the end of 2, 4 and 24 hours. 

All the toxic sera caused hemolysis, and several of those which 
proved harmless to guinea-pigs also had a marked action on their 
corpuscles. Others were without action. | 

The corpuscles of different guinea-pigs differed in their suscepti- 
bility to the. hemolysing agent. But this did not correspond with 
the susceptibility of the animals themselves to the poison; for the 
corpuscles of the animal which twice resisted 2°0 c.c. of No. 18 were as 
rapidly dissolved as those of others. And again an animal whose 
corpuscles proved very resistent succumbed in 28 minutes to an 
intraperitoneal injection of 2°0 c.c, of this serum. 
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Heating to 60°—65° for 15 minutes entirely destroyed the hemo- 
_ lysing action of the serums, While on the other hand heating to 65° 
for one hour did not destroy the toxicity of these sera (Nos. 13 and 17). 
The toxic effect was therefore independent of the hemo- 
lysing action of these sera. 
The toxic substance (of serum 13) passed through a Martin gelatine 
blocked porcelain filter under a pressure of 100 atmospheres, not 
however without some loss. The filtrate caused the usual symptoms 
in intraperitoneal doses of 1°0 and 1°5 cc. but did not kill. Heating 
to 100°C. in a closed tube for one hour did not destroy or appreciably 
weaken the poison. The filtrate gave’a slight precipitate with absolute. 
alcohol. None with nitric acid, and no biuret reaction. 
These preliminary observations seem to indicate that horses’ serum 
is not nearly so harmless for the guinea-pig as it is generally believed 


to be. And that it may contain a poison which is not sg _ Ge 


moderate heating. 


Modification of Marchi’s method of staining degenerating 
fibres. By J. N. LANGLEY and H. K. ANDERSON. 


The disadvantages attaching to Marchi’s method are that the tissue 
beeland brittle, and that immediately adjoining sections cannot be 
satisfactorily stained by other methods. 

To obviate these disadvantages the following method may be 
employed. 

After hardening in 2 p.c. potassium bichromate (or Miiller’s fluid), 
the pieces of nervous tissue are placed for a day in a solution of gum in 
2 p.c. potassium bichromate; sections are prepared with ‘the freezing - 
microtome, and the sections placed in 2 ae potassium bichromate, and 
in this the gum washed out. 

Successive sections may then be sewed’ in : 

(a) a mixture of potassium bichromate and osmic acid in order to 
stain the medulla of the degenerating fibres. The sections stay in the 
mixture one to three weeks, 

(b) in water, in alcohols up to 70 p.c. to remove the hardening 
agent and harden somewhat; then back through alcohols, to picro- 
carmine or other stain, 

(c) chrome alum mixture and stained by the Weigert-Pal method 
as modified by Heller and Ford Robertson. 

We find that a spinal cord can be kept for more than a year in 
‘potassium bichromate and still give the Marchi stain by the above 
described method. 
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Connexions of the ganglion of the trunk of the vagus. By 
J. N. LANGLEY. 


The vagus was cut between the jugular and trunk sero in a 
rabbit; and in 10 days the medulla and spinal cord were treated by 
Marchi’s method, and the vagus itself was placed’ in osmic acid. 
Degenerated bundles of nerve-fibres were traced in the central end of 
the nerve through the jugular ganglion to'the medulla. Specimens are 
exhibited to show the following points. In the medulla the upper part 
of the solitary bundle is normal; this is in agreement with the account 
of Kélliker and Cajal that the afferent fibres of the vagus have no 
ascending branches, 

- Degeneration in the solitary bundle can be followed downwards to 
about the lower end of the pyramidal decussation becoming less and 
gradually disappearing. | 

From the solitary bundle numerous degenerating fibres run in the 
region of the 4th ventricle to the grey substance of the ala cinerea 
laterally of the dorsal nucleus of the xth nerve, a few fibres can be 
traced to the dorsal nucleus of the xth nerve; and none with certainty 
to any other structure. Below the Ivth ventricle, the degenerating 
fibres from the solitary bundle run chiefly to the grey substance dorsally 
of the nucleus of the xth (the continuation of the lateral region of the ala 
cinerea) and some to the nucleus of the xth. Just below the calamus 
scriptorius some degenerating fibres run across to the dorsal grey 
—, of the opposite side. 


On the destination of the descending antero-lateral tract 
in the spinal cord. By E. A. ScHAFER. 


In continuation of the observations on the destination of descending 
fibres in the spinal cord which I brought before the last meeting of the 
Physiological Society, showing that the fibres of the pyramidal tract 
end in the grey matter at the base of the posterior horn and in 
Clarke’s column but not in the anterior horn, I am now ina position 
to show that the fibres of the descending antero-lateral tract (tract of 
Lowenthal) pass into the anterior horn and apparently for the most 
part terminate by arborizing amongst the anterior cornual cells. This 
is rendered apparent by Marchi’s method in all regions of the cord 
below a lesion of the antero-lateral column (monkey). 
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